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Abstract
Objectives—To find whether concentra-
tions of polychlorinated dibenzo-p-dioxins
(PCDDs) and polychlorinated dibenzo-
furans (PCDFs) in serum increased in
workers at municipal incinerators that
burn continuously.
Methods—30 Workers employed at three
municipal waste incineration plants (in-
cinerator workers) and 30 control workers
were studied. The incinerator workers had
worn dust masks or airline masks during
the periodic repair work inside the incin-
erators. Previous job, dietary habit, smok-
ing habit, distance from residence to the
incineration plant, and body weight and
height were obtained from a questionnaire
survey. Concentrations of PCDDs/PCDFs
were measured in the serum of the
workers and the dust deposited in the
plants. The influence of various factors on
serum concentrations of PCDDs/PCDFs
was examined by multiple regression
analysis.
Results—Dust analysis showed the great-
est amount of octachlorodibenzo-p-dioxin
(OCDD), followed by 1,2,3,4,6,7,8-
heptachlorodibenzo-p-dioxin (HpCDD),
1,2,3,4,6,7,8-heptachlorodibenzofuran
(HpCDF), and octachlorodibenzofuran
(OCDF). The toxicity equivalents (TEQs)
of PCDDs and PCDFs in the deposited
dust were 4.8, 1.0, and 6.4 ng TEQs/g,
respectively, for plants A, B, and C. The
mean serum TEQs of PCDDs and PCDFs
in the incinerator workers and control
workers were 19.2 and 22.9 pg TEQs/g
lipid, respectively, for area A, 28.8 and 24.5
pg TEQs/g lipid for area B, and 23.4 and
23.6 pg TEQs/g lipid for area C. No signifi-
cant diVerences were found between the
incinerator workers and the controls for
TEQs of PCDDs and PCDFs separately,
and TEQs of PCDDs and PCDFs together.
However, the serum 1,2,3,4,6,7,8-HpCDF
concentration was significantly higher in
the incinerator workers than in the con-
trols for all the three areas. When the
exposure index to 1,2,3,4,6,7,8-HpCDF is
defined as the product of the concentration
of 1,2,3,4,6,7,8-HpCDF in the deposited
dust and duration of employment, the con-
centration of 1,2,3,4,6,7,8-HpCDF in
serum increased as the exposure index
increased. Multivariate analysis suggested

that the serum concentration of HpCDF
increased with duration of employment at
the incineration plants and OCDF in-
creased with employment of >21 years.
The other significant variables (p<0.01 or
p<0.001) were area for hexachloro-
dibenzo-p-dioxin (HxCDD) and tetrachlo-
rodibenzofuran (TCDF), Brinkman index
for HpCDD, and body mass index (BMI)
for tetrachlorodibenzo-p-dioxin (TCDD),
HpCDD, and TEQs of PCDDs.
Conclusion—The serum TEQs of PCDDs
and PCDFs was not significantly higher
among the incinerator workers, but the
serum concentration of 1,2,3,4,6,7,8-
HpCDF was. This suggests that the incin-
erator workers had inhaled dust
containing PCDDs and PCDFs while
working in plants equipped with incinera-
tors that burn continuously.
(Occup Environ Med 2000;57:204–210)
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Polychlorinated dibenzo-p-dioxins (PCDDs)
and polychlorinated dibenzofurans (PCDFs)
are chemically and biologically similar com-
pounds and also highly toxic chemicals. They
already contaminate the environment includ-
ing: air, water, and soil, and foods such as fish,
meat, and vegetables.1–3 The PCDDs and
PCDFs are also found in human adipose
tissue, blood, and milk.1 4–6 Main sources of
PCDDs and PCDFs are production of organic
chlorinated herbicides, bleaching of paper or
pulp, and incineration of waste.7–9 In Japan,
incinerators are the most important source10

because most solid waste is incinerated in
municipal waste incinerators without suY-
cient measures to prevent the generation of
these chemicals. Concentrations of PCDDs
and PCDFs in the exhaust gas of 1150
municipal waste incinerators ranged from
<0.01 to 990 ng toxicity equivalents (TEQs)/
Nm3 (m3 at 0°C and 1 atmosphere) in
1996–97.11 The municipal incinerators were
classified into intermittent burning and day
and night continuous burning types, and
concentrations of PCDDs and PCDFs in the
exhaust gas was generally higher in the
intermittent than in the continuous burning
types. In Toyono, Osaka prefecture, a munici-
pal waste incineration plant equipped with
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intermittently burning incinerators scattered a
large amount of high concentrations of fume
and dust containing PCDDs and PCDFs due
to defective equipment, and the soil of the
ground outside was contaminated at 0.1–
52 000 ng TEQs/g.12 The surrounding agricul-
tural land was also contaminated at up to 8.5
ng TEQs/g. The Ministry of Labor conducted
a medical examination of the workers em-
ployed at the incineration plant, and found that
the mean concentration of PCDDs and
PCDFs in blood was 323 pg TEQs/g lipid
among the highly exposed worker group.13 This
value was about 15 times as high as that of the
general population. The finding raised the
question as to whether workers employed at
incineration plants equipped with continuously
burning incinerators were exposed to PCDDs
and PCDFs of a similar level. In this study,
serum concentrations of PCDDs and PCDFs
were measured for workers employed at three
municipal waste incineration plants with con-
tinuously burning incinerators. The influence
of some factors, including diet and smoking, on
serum concentrations of PCDDs and PCDFs
was also examined. This study was approved by
the Osaka Prefectural Institute of Public
Health.

Subjects and methods
SUBJECTS

Three municipal waste incineration plants A,
B, and C equipped with continuously burning
incinerators were selected in Fukuoka, Kochi,
and Osaka prefectures, Japan, respectively.
Three incinerators were operated in plants A
and B, and four in plant C. The incinerators of
plants A and B were equipped with electro-
static precipitators for removing particulate
matter from the flue gas stream. In plant C,
three incinerators were equipped with electro-
static precipitators and one with a bag filter.
The incinerated volumes were 160, 300, and
600 tonnes/day at plants A, B, and C,
respectively. In 1996–97, concentrations of
PCDDs and PCDFs in the exhaust gas of the
incinerators with electrostatic precipitators
were 8.9–42, 0.82–1.4 and 3.1–12 ng TEQs/
Nm3, respectively, whereas that of the incinera-

tor with a bag filter was 0.07–0.24 ng
TEQs/Nm3.

Numbers of workers employed at plants A,
B, and C were 32, 60, and 147, respectively,
and 28, 38, and 74 of the workers were
employed in the operation and repair of the
incinerator. From these incinerator workers in
each plant, 10 men were selected by the dura-
tion of employment, and they participated after
a full explanation of the study. These workers
usually operated and inspected the incinera-
tors, and periodically did repair work inside the
incinerators and electrostatic precipitators
(every 1–3 months). The repair work was per-
formed wearing a dust mask or airline mask.
For comparison, 10 male workers matched for
age (5 years) were selected from the municipal
governmental employees in areas A and C, and
from members of a labor union for area B.
They were clerical workers in areas A and C,
and six clerical workers, two drivers, a cook,
and a medical doctor in area B. The control
workers were not occupationally exposed to
PCDDs and PCDFs. The age ranged from 40
to 59 years among the incinerator workers and
from 38 to 59 years among the controls. The
means of age and duration of employment at
the incineration plants are shown in table 1.

QUESTIONNAIRE SURVEY

The workers were questioned on the previous
job, numbers of meals of fish, meat, and cow’s
milk in a week, smoking habit, distance (linear
km) from residence to the incineration plant,
and body weight and height, because these
variables could have confounding eVects.

QUANTITATIVE DETERMINATION OF PCDDs AND

PCDFs
Reagents
Standard solutions of PCDDs and PCDFs
were purchased from Wellington Laboratories
(Canada). Silica gel and aluminium oxide for
cleaning up were obtained from Merck (Ger-
many). Other reagents were obtained from
Wako Pure Chemical Industries (Japan).

Serum
The workers were asked not to eat breakfast,
and a blood sample (about 100 ml) was

Table 1 Characteristics of incinerator workers and control workers at the three areas

A B C

Incinerator workers Controls Incinerator workers Controls Incinerator workers Controls

Workers (n) 10 10 10 10 10 10
Age (y, mean (SD)) 50.4 (5.4) 52.5 (4.0) 47.8 (4.4) 48.2 (5.5) 45.4 (3.4) 43.9 (4.2)
Employment duration at incineration plant (y,

mean (SD)) 22.0 (5.9) 0 23.6 (3.3) 0 24.5 (3.0) 0
Previous job with potential for dioxin exposure in

agriculture (workers, n) 1 1 1 0 1 0
Dietary habit (times/week, mean (SD)):

Fish 6.7 (3.4) 6.7 (2.9) 7.4 (3.4) 9.3 (3.5) 7.2 (3.6) 6.8 (3.6)
Meat 6.6 (3.0)* 3.9 (1.8) 6.1 (3.8) 6.5 (3.0) 7.5 (4.1) 6.5 (1.4)
Milk 6.3 (4.8) 3.0 (2.2) 4.3 (4.1) 5.6 (4.4) 6.1 (4.9) 2.7 (2.9)

Current smoking habit:
Non-smokers (workers, n) 6 4 7 4 5 7
Smokers (workers, n) 4 6 3 6 5 3
Brinkman index (cigarettes/day×y, mean (SD)) 1038 (242) 895 (405) 700 (520) 570 (140) 690 (320) 730 (429)

Distance from municipal incinaration plant to residence (workers, n):
<5 km 3 4 2 2 9 10
>5 km 7 6 8 8 1 0

Body mass index (kg/m2, mean (SD)) 23.5 (3.3) 23.2 (2.9) 23.3 (3.4) 25.5 (2.3) 22.7 (3.0) 25.6 (3.7)

*p<0.05.
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collected from each in the morning in 1998.
The serum was separated by centrifugation and
collected in a chemically clean container. After
addition of 13C12-2,3,7,8-substituted PCDDs
and PCDFs as internal standards, the sample
was kept frozen at −30°C until the time of
analysis.

A 40 ml serum sample was extracted twice
with 27 ml aqueous saturated ammonium
sulphate, 27 ml ethanol, and 80 ml hexane.14

The hexane extract was washed with deionised
water and dried, and the lipid was measured
gravimetrically. Next, the lipid was decomposed
in 10 ml 1N KOH /ethanol solution for 2 hours
at room temperature, and PCDDs and PCDFs
were extracted twice with 25 ml hexane.15 The
hexane extract was cleaned with a multistage
column of silica gel coated with AgNO3, H2SO4,
and KOH, and an aluminium oxide column.15

The eZuent was dried and reconstituted to
10 µl with nonane containing 13C12-1,2,3,4-
tetrachlorodibenzo-p-dioxin (TCDD). Finally,
2,3,7,8-substituted PCDDs and PCDFs were
measured with a high resolution gas chromato-
graph (HP5890II, Hewlett Packard, USA)/
high resolution mass spectrometry (JMS700,

JEOL, Japan) connected to capillary columns of
SP2331 (0.25 mm internal diameter×60 m,
Supelco, USA) for TCDD, pentachlorodi-
benzo-p-dioxin (PeCDD), hexachlorodi-
benzo-p-dioxin (HxCDD), tetrachlorodibenzo-
furan (TCDF), pentachlorodibenzofuran
(PeCDF), hexachlorodibenzofuran (HxCDF),
and of DB5-MS (0.25 mm internal diam-
eter×30 m, J and W, USA) for hepta-
chlorodibenzo-p-dioxin (HpCDD), octachloro-
di benzo-p-dioxin (OCDD), heptachlorodi-
benzofuran (HpCDF), and octachlorodibenzo-
furan (OCDF). The limit of measurement was
1 pg/g lipid. Half of the limit value was assigned
as an undetectable value. International TEQs
were calculated according to the North Atlantic
Treaty Organisation (NATO).16

For quality assurance, nine 40 ml samples
were prepared from our pooled serum samples.
To three samples, 2,3,7,8-substituted-PCDDs
and PCDFs (0.4 pg for TCDD and TCDF, 80
pg for OCDD, 4 pg for OCDF, 2 pg for other
PCDDs and PCDFs) was added, and to
another three samples, twice that amount was
added. The remaining three samples were ana-
lysed without addition of PCDDs and PCDFs.
The coeYcient of variation for the lipid
measurement was 0.01 (n=9). The mean
recoveries of 13C12-internal standards were 73%
to 83% with coeYcients of variation of 0.09 to
0.14. The mean biases of the measured value of
added PCDDs and PCDFs from the expected
value ((measured value−expected value)/ ex-
pected value) were –0.11 to 0.11 with coeY-
cients of variation of 0.01 to 0.12.

Dust
Samples were taken in the dust deposited on
beams at heights of 0.5–1.5 m in the incinera-
tion plants. Fine particles are potentially inhal-
able, because they can be easily scattered by
disturbance and remain suspended in air for a
long time, whereas coarse particles cannot.
The dust sample was passed through a sieve of
32 µm, and the concentrations of PCDDs and
PCDFs were measured as follows. The sample
was first treated with 2 N HCl for better
extraction eYciency, and the solid content was
separated by a filter, washed with deionised
water, and then dried at room temperature.
The PCDDs and PCDFs in the liquid passing
through the filter were extracted twice with
toluene, and those in the solid were Soxhlet-
extracted for 16 hours with toluene. The two
toluene extracts were combined and washed
with deionised water, and the internal standard
was added. Procedures of cleaning up and
quantitative measurement were almost the
same as in the analysis of serum samples.

STATISTICAL ANALYSIS

DiVerences of serum concentrations of
PCDDs and PCDFs between the incinerator
workers and controls were examined by Mann-
Whitney U test, because many non-detectable
samples were found for some PCDDs and
PCDFs. The correlation between exposure
index of 2,3,4,6,7,8-HpCDF and log of serum
concentration of the HpCDF was examined by
the Pearson correlation coeYcient test.

Figure 1 Isomer pattern of deposited dust in incineration plant C.
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Table 2 PCDDs and PCDFs (pg/g lipid) in the serum of incinerator workers and controls
in city A

Incinerator workers (n=10) Controls (n=10)

Mean Median (Range) Mean Median (Range)

2,3,7,8-TCDD 2.4 2.6 (1.1–3.8) 2.2 2.3 (ND–3.8)
1,2,3,7,8-PeCDD 9.0 8.6 (5.8–12.9) 12.7 10.5 (6.0–33.9)
1,2,3,4,7,8-HxCDD 3.0 3.1 (ND–6.1) 2.7 2.6 (ND–6.5)
1,2,3,6,7,8-HxCDD 23.6 19.4 (12.3–40.1) 28.7 30.5 (10.8–51.0)
1,2,3,7,8,9-HxCDD 4.8 4.5 (2.7–7.1) 4.9 5.5 (ND–9.8)
1,2,3,4,6,7,8-HpCDD 23.8 19.7 (9.4–57.0) 17.3 17.8 (6.7–39.4)
OCDD 260 166 (95.2–670) 247 248 (73.0–503)
2,3,7,8-TCDF 2.7 2.9 (1.7–3.7) 2.4 1.9 (ND–7.7)
1,2,3,7,8-PeCDF 2.0 1.9* (1.3–3.2) 1.1 0.5 (ND–3.0)
2,3,4,7,8-PeCDF 12.9 12.3 (5.1–18.9) 16.4 14.0 (9.5–30.0)
1,2,3,4,7,8-HxCDF 5.6 5.7 (1.5–11.6) 8.1 8.0 (4.2–12.2)
1,2,3,6,7,8-HxCDF 6.1 5.7 (2.3–10.8) 6.4 6.2 (3.5–10.7)
1,2,3,7,8,9-HxCDF 1.0 0.5 (ND–3.3) 0.5 0.5 (ND–ND)
2,3,4,6,7,8-HxCDF 3.7 3.7 (ND–6.2) 2.5 2.4 (ND–4.2)
1,2,3,4,6,7,8-HpCDF 15.5 13.7** (7.7–28.4) 7.4 6.6 (4.0–15.7)
1,2,3,4,7,8,9-HpCDF 0.8 0.5 (ND–1.4) 0.6 0.5 (ND–1.3)
OCDF 2.4 2.2 (1.2–4.4) 2.0 2.1 (ND–3.0)
TEQ-PCDD 10.5 10.6 (6.6–14.4) 12.6 10.9 (5.5–24.5)
TEQ-PCDF 8.6 8.4 (3.8–12.6) 10.3 9.1 (6.4–17.8)
TEQ-PCDD/PCDF 19.2 18.1 (11.0–26.4) 22.9 19.9 (12.1–37.8)

*p<0.05; **p<0.01, by Mann-Whitney U test.
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For HxCDD, PeCDF, HxCDF, and
HpCDF the numbers of the non-detectable
samples decreased by summing 2,3,7,8-
substrated isomers, so that these values were
used in the following analyses. The relations
between logarithms of serum concentrations of
PCDDs and PCDFs and the nine factors of
area, age, duration of employment at the incin-
eration plants, numbers of meals of fish, meat,
and cow’s milk (times/week), Brinkman index
(smoker=cigarettes/day×year, non-smoker=0),
distance between incineration plant and resi-
dence, and body mass index (BMI) were
tested, firstly in a unviariate model and subse-
quently in a multiple linear regression model.
In the univariate analyses, analysis of variance
(ANOVA) was used to analyse diVerences
between the three areas (A, B, and C) and three
durations of employment (0, 11–20, and 21–29
years), and t test was performed to test the dif-
ference between two groups classified by the
other factors. To reduce the number of
variables in the multivariate model, only those
prognostic factors that were related to the
serum concentrations of PCDDs and PCDFs

in the univariate analysis (p<0.10) were
included in the model. In the multivariate
analyses, two dummy variables, B/A (area B=1,
other areas=0) and C/A (area C=1, other
areas=0) were used for area, and two dummy
variables, 11–20 years as controls (11–20
years=1, others=0) and 21–29 years as controls
(21–29 years=1, others=0) for duration of
employment. Age, BMI, and Brinkman index
were used as continuous values. Data analyses
were performed with the SPSS system (9.0J for
Windows).

Results
The TEQ values of PCDDs and PCDFs in the
deposited dust were 4.8, 1.0, and 6.4 ng
TEQs/g, respectively, for incineration plants A,
B, and C. Figure 1 shows the isomer pattern of
2,3,7,8-substituted PCDDs and PCDFs in
the deposited dust for plant C: OCDD was
dominant, and 1,2,3,4,6,7,8-HpCDD, 1,2,3,
4,6,7,8-HpCDF, and OCDF followed. The
same isomer pattern was found for plants A
and B.

Table 1 shows the previous job with potential
for exposure to PCDDs and PCDFs, dietary,
current smoking habit, distance from residence
to the incineration plant, and BMI for the
incinerator workers and controls. Three in the
incinerator workers and one in the controls
engaged in agriculture >26 years ago. Because
some herbicides contained PCDDs and
PCDFs as impurities,7 they might have been
exposed to these chemicals. However, they did
not remember the name of the herbicides used,
so that it was not clear whether they had been
exposed to PCDDs and PCDFs in the previous
job. The number of meals of meat was the only
factor that was significantly diVerent between
the two groups in area A.

Tables 2, 3, and 4 shows the concentrations
of PCDDs and PCDFs in the serum. The
numbers of non-detectable cases were 3, 7, 3,
19, 22, 1, 56, 7, 52, and 8 for 2,3,7,8-TCDD,
1,2,3,4,7,8-HxCDD, 1,2,3,7,8,9-HxCDD, 2,
3,7,8-TCDF, 1,2,3,7,8-PeCDF, 1,2,3,4,7,8-
HxCDF, 1,2,3,7,8,9-HxCDF, 2,3,4,6,7,8-
HxCDF, 1,2,3,4,7,8,9-HpCDF, and OCDF,
respectively.

Table 3 PCDDs and PCDFs (pg/g lipid) in the serum of incinerator workers and controls
in city B

Incinerator workers (n=10) Controls (n=10)

Mean Median (Range) Mean Median (Range)

2,3,7,8-TCDD 2.5 2.4 (1.5–5.1) 2.0 1.7 (1.2–3.7)
1,2,3,7,8-PeCDD 13.4 12.9 (7.6–31.8) 10.8 9.3 (8.2–19.9)
1,2,3,4,7,8-HxCDD 5.1 4.1 (2.4–13.3) 4.2 3.7 (2.8–9.8)
1,2,3,6,7,8-HxCDD 61.8 58.7 (37.2–104) 53.3 47.2 (33.0–78.3)
1,2,3,7,8,9-HxCDD 11.5 13.0 (4.6–20.2) 9.0 7.2 (6.1–22.6)
1,2,3,4,6,7,8-HpCDD 41.1 27.1 (17.8–112) 42.5 26.3 (22.9–153)
OCDD 521 436 (142–1616) 646 505 (120–2719)
2,3,7,8-TCDF 1.2 1.1 (ND–2.3) 1.3 1.0 (ND–2.8)
1,2,3,7,8-PeCDF 1.0 1.1 (ND–1.8) 1.2 1.3 (ND–3.1)
2,3,4,7,8-PeCDF 17.7 15.1 (10.5–28.2) 15.5 13.2 (10.7–34.0)
1,2,3,4,7,8-HxCDF 5.9 5.3 (2.7–10.1) 5.1 4.4 (4.0–10.2)
1,2,3,6,7,8-HxCDF 6.5 6.2 (4.2–9.7) 6.0 4.9 (4.3–13.8)
1,2,3,7,8,9-HxCDF 0.5 0.5 (ND–ND) 0.5 0.5 (ND–ND)
2,3,4,6,7,8-HxCDF 3.8 3.6 (ND–8.1) 2.9 2.8 (1.4–7.2)
1,2,3,4,6,7,8-HpCDF 9.2 8.3** (5.4–15.3) 5.5 4.4 (3.3–11.4)
1,2,3,4,7,8,9-HpCDF 0.6 0.5 (ND–1.3) 0.5 0.5 (ND–ND)
OCDF 1.8 1.8* (1.2–3.0) 1.2 1.2 (ND–3.0)
TEQ-PCDD 18.0 17.7 (10.3–36.7) 15.1 14.2 (10.4–28.0)
TEQ-PCDF 10.8 9.4 (6.7–17.4) 9.5 8.2 (6.5–20.7)
TEQ-PCDD/PCDF 28.8 27.4 (17.0–54.1) 24.5 22.8 (17.5–48.7)

*p<0.05; **p<0.01, by Mann-Whitney U test.

Table 4 PCDDs and PCDFs(pg/g lipid) in the serum of incinerator workers and controls
in city C

Incinerator workers (n=10) Controls (n=10)

Mean Median (Range) Mean Median (Range)

2,3,7,8-TCDD 1.9 2.1 (1.1–2.4) 2.0 1.9 (ND–4.1)
1,2,3,7,8-PeCDD 9.7 9.4 (6.1–13.4) 9.9 10.4 (5.9–14.5)
1,2,3,4,7,8-HxCDD 3.4 3.0 (ND–7.2) 4.3 3.8 (ND–12.6)
1,2,3,6,7,8-HxCDD 48.2 41.7 (27.1–81.9) 55.0 56.8 (29.6–77.4)
1,2,3,7,8,9-HxCDD 7.6 6.9 (3.8–16.5) 9.4 10.4 (ND–24.3)
1,2,3,4,6,7,8-HpCDD 29.2 24.7 (12.5–72.5) 48.1 26.4 (12.1–234)
OCDD 499 186 (119–2048) 565 228 (102–3061)
2,3,7,8-TCDF 1.0 1.1 (ND–1.8) 1.5 1.2 (ND–3.5)
1,2,3,7,8-PeCDF 1.5 1.4 (ND–2.9) 1.2 1.1 (ND–2.2)
2,3,4,7,8-PeCDF 15.0 16.1 (7.5–23.0) 14.1 14.1 (6.4–20.7)
1,2,3,4,7,8-HxCDF 5.7 5.6 (2.8–9.1) 4.5 4.6 (ND–8.5)
1,2,3,6,7,8-HxCDF 8.2 7.0 (5.7–13.1) 6.2 6.1 (3.1–9.5)
1,2,3,7,8,9-HxCDF 0.9 0.5 (ND–2.3) 0.5 0.5 (ND–ND)
2,3,4,6,7,8-HxCDF 5.8 5.6* (2.0–9.7) 2.7 2.4 (ND–5.7)
1,2,3,4,6,7,8-HpCDF 18.9 16.7*** (6.6–41.3) 5.7 5.7 (3.1–8.8)
1,2,3,4,7,8,9-HpCDF 0.6 0.5 (ND–1.1) 0.5 0.5 (ND–ND)
OCDF 2.3 2.3* (ND–4.2) 1.3 1.2 (ND–2.8)
TEQ-PCDD 13.5 13.0 (8.2–20.9) 14.9 14.4 (7.3–28.2)
TEQ-PCDF 9.9 10.4 (5.3–14.5) 8.7 8.8 (4.0–12.8)
TEQ-PCDD/PCDF 23.4 22.5 (13.5–33.0) 23.6 22.9 (11.3–40.0)

*p<0.05; ***p<0.001, by Mann-Whitney U test.

Figure 2 Relation between exposure index and serum
concentration of 1,2,3,4,6,7,8-HpCDF. Exposure
index=concentration of 1,2,3,4,6,7,8-HpCDF in deposited
dust×duration of employment.
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The means of TEQs of PCDDs and PCDFs
in the incinerator workers and controls were
19.2 and 22.9 pg TEQs/g lipid for area A, 28.8
and 24.5 pg TEQs/g lipid for area B, and 23.4
and 23.6 pg TEQs/g lipid for area C. No
significant diVerences in the TEQs of PCDDs
and PCDFs separately or together were found
between the incinerator workers and the
controls. In the four workers who were pre-
viously employed in agriculture, serum TEQs
of PCDDs and PCDFs were 22.1, 24.5, 26.1,
and 54.1 pg TEQs/g lipid. The first three were
mean concentrations and the last was the high-
est value among all the workers. However, it
was not clear whether the highest value was due
to the previous job.

In area A, 1,2,3,7,8-PeCDF and 1,2,3,4,6,
7,8-HpCDF were significantly higher among
the incinerator workers than the controls.
In area B, 1,2,3,4,6,7,8-HpCDF and OCDF
were higher among the incinerator workers.
In area C, 2,3,4,6,7,8-HxCDF, 1,2,3,4,6,7,8-
HpCDF, and OCDF were higher among the
incinerator workers. Thus, 1,2,3,4,6,7,8-Hp-
CDF was significantly higher among the incin-
erator workers than the controls in all three
areas. When the exposure index to 1,2,3,4,
6,7,8-HpCDF was defined as the product of
concentration of 1,2,3,4,6,7,8-HpCDF in the
deposited dust (A 15 ng/g, B 6.1 ng/g, C 24
ng/g) and duration of employment, the

1,2,3,4,6,7,8-HpCDF concentration in serum
increased as the exposure index increased (fig
2).

In the univariate analysis, five variables, area,
age, duration of employment, Breckman index,
and BMI, were selected for the following mul-
tivariate analysis (table 5). Table 6 shows the
multiple correlation (R) and standardised slope
(â) estimated by the multiple linear regression
analysis. The â value is not interpretable in the
units of the variable, but a standardised unit.
The multivariate analysis suggested that serum
concentration of HpCDF increased with dura-
tion of employment at the incineration plants
and OCDF increased with employment of >21
years. The other significant variables (p<0.01
or p<0.001) were area for HxCDD and
TCDF, Brinkman index for HpCDD, and
BMI for TCDD, HpCDD, and TEQs of
PCDDs.

Discussion
Mean blood concentrations of PCDDs and
PCDFs in the general population have been
reported to be 14 to 43 pg TEQs/g lipid for
Europe,5 17–24 19 to 27 pg TEQs/g lipid for
North America,25–28 and 20 to 22 pg TEQs/g
lipid for Japan.29 30 In this study, the mean
serum concentrations of PCDDs and PCDFs
in the incinerator workers and controls were 19

Table 5 Significance of nine variables by univariate analyses (p value)

Area Age
Employment
duration Fish Meat Milk

Brinkman
index Residence BMI

TCDD 0.445 0.002** 0.332 0.387 0.382 0.522 0.901 0.269 0.274
PeCDD 0.265 0.031* 0.810 0.714 0.422 0.989 0.943 0.356 0.400
HxCDD 0.000*** 0.056† 0.766 0.876 0.622 0.721 0.745 0.989 0.567
HpCDD 0.004** 0.645 0.691 0.810 0.642 0.798 0.018* 0.852 0.561
OCDD 0.055† 0.937 0.712 0.793 0.858 0.649 0.717 0.764 0.346
TCDF 0.004** 0.003** 0.781 0.491 0.886 0.567 0.329 0.106 0.987
PeCDF 0.546 0.034† 0.607 0.445 0.560 0.797 0.792 0.161 0.390
HxCDF 0.772 0.111 0.098† 0.856 0.967 0.526 0.670 0.551 0.250
HpCDF 0.068† 0.869 0.000*** 0.398 0.266 0.283 0.715 0.275 0.086†
OCDF 0.077† 0.220 0.003** 0.754 0.194 0.666 0.414 0.439 0.323
TEQ-PCDD 0.007** 0.639 0.679 0.868 0.711 0.828 0.983 0.761 0.270
TEQ-PCDF 0.692 0.036* 0.531 0.595 0.540 0.800 0.902 0.324 0.585
TEQ-PCDD/PCDF 0.077† 0.211 0.570 0.756 0.593 0.808 0.897 0.566 0.346

Area A, B, and C; age 38–47 y (n=32) and 48–59 (n=28); employment duration 0 y (n=30), 11–20 (n=9), and 21–29 (n=21); fish,
meat, and milk <7 times/week (n=27, 39, 43) and >7 (n=33, 21, 17); Breckman index <400 (n=28) and >400 (n=32); residence
<5 km (n=30) and >5 (n=30); BMI <24 kg/m2 (n=30) and >24 (n=30).
ANOVA was used for area and employment duration, and t test for the other variables.
†p<0.10; *p<0.05; **p<0.01; ***p<0.001.

Table 6 Multiple correlation coeYcients (R) and estimated standerdised slopes (â) by multiple regression analysis

Adjusted
R2

Standardised slope (â)

Area Employment duration at plant

Age
Brinkman
index BMIB/A C/A

11–20 y/
control

21–29 y/
control

TCDD 0.169 −0.016 −0.096 0.188 0.269* 0.222 −0.080 0.419**
PeCDD 0.040 0.210 0.070 0.031 0.029 0.247 −0.070 0.245
HxCDD 0.427 0.652*** 0.522** −0.014 0.027 −0.069 −0.063 0.210
HpCDD 0.385 0.332* 0.306* 0.067 0.065 0.182 −0.468*** 0.375**
OCDD 0.103 0.274 0.104 −0.018 0.025 0.041 −0.135 0.343*
TCDF 0.105 −0.435** −0.431* 0.058 0.122 0.072 −0.108 0.120
PeCDF 0.012 0.144 0.063 0.038 0.121 0.208 −0.044 0.251
HxCDF 0.016 −0.031 0.125 0.067 0.252 0.266 −0.015 −0.013
HpCDF 0.462 −0.322* −0.023 0.420*** 0.624*** 0.070 −0.089 −0.029
OCDF 0.214 −0.341* −0.182 0.143 0.434** 0.147 −0.134 0.018
TEQ-PCDD 0.189 0.400* 0.267 0.029 0.080 0.104 −0.114 0.351**
TEQ-PCDF −0.002 0.138 0.096 0.044 0.135 0.234 −0.016 0.208
TEQ-PCDD/PCDF 0.109 0.317 0.212 0.030 0.109 0.171 −0.076 0.317*

B/A (B=1, others=0), C/A (C=1, others=0), 11–20 years/control (11–20 years=1, others=0) and 21–29 years/control (21–29
years=1, others=0) are dummy variables.
*p<0.05; **p<0.01; ***p<0.001.
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to 29 pg TEQs/g lipid, which are almost the
same as in the industrialised countries.

The incinerators studied were continuously
burning type, which generate smaller amounts
of PCDDs and PCDFs than the intermittently
burning type. The highest concentration of
PCDDs and PCDFs in exhaust gas was 8.9–42
ng TEQ/Nm3 of plant A. The value was equiv-
alent to the median concentration from mu-
nicipal waste incinerators in Japan.11 Conse-
quently, it should be noted that our findings
may not be applicable to other incineration
plants with much higher concentrations of
PCDDs and PCDFs.

Work at the incineration plant was classified
into the usual operation of the incinerator and
the periodic repair work inside the equipment,
incinerator, and electrostatic precipitator. In
the repair work, because a large amount of ash
and slag was scattered in air due to sweeping of
ash and slag, the workers might be exposed to
PCDDs and PCDFs at extremely high concen-
trations. However, the workers have worn dust
masks or airline masks while working inside the
equipment since at least 1988, so that the res-
piratory intake of PCDDs and PCDFs might
be suppressed. In the general population, the
dietary intake of PCDDs and PCDFs predomi-
nates over other routes and diVers greatly
between people.31 32 Consequently, a low respi-
ratory intake would not lead to a detectable
increase in the serum TEQs of PCDDs and
PCDFs. This can explain our findings that the
serum concentration of TEQs of PCDDs and
PCDFs in the incinerator workers was not
higher than in the controls.

However, the incinerator workers probably
inhale some ash and slag during the repair work
due to leaks in their respiratory protection,
because they complained of nostril pollution
after the repair work. During normal operation
of the incinerator, the workers did not wear any
respiratory protection, and thus inhaled the
suspended dust in the plants. When the hand
and skin of the workers were contaminated
with the deposited dust, hand to mouth inges-
tion and dermal absorption of PCDDs and
PCDFs could occur. Comparison of 2,3,7,8-
substituted concentrations of PCDDs and
PCDFs in the deposited dust showed that
OCDD was the highest, followed by
1,2,3,4,6,7,8-HpCDD, 1,2,3,4,6,7,8-HpCDF,
and OCDF. In general, a similar pattern was
also found in fly ash and slag.9 33 In the
controls, the variability between workers in
serum concentrations of 1,2,3,4,6,7,8-Hp-
CDF and OCDF were much lower than those
of OCDD and 1,2,3,4,6,7,8-HpCDD (tables
2, 3, and 4), the increases in the dibenzofurans
would be easiest to detect when the workers
inhaled fly ash, slag, or dust. This agrees with
our findings that serum 1,2,3,4,6,7,8-HpCDD
and OCDF were significantly higher among
the incinerator workers in three and two areas,
respectively. Schecter et al17 reported that the
increase of the serum HpCDF concentration
was most marked at an old incineration plant,
which agreed with our result. Consequently, we
concluded that the increase in the HpCDF was
caused by inhalation of ash, slag, and dust dur-

ing work. This conclusion was confirmed by
multiple regression analysis that suggested that
serum concentrations of HpCDF increased
with duration of employment after the eVects
of the confounding factors were eliminated.

The positive association between BMI and
serum TEQs of PCDDs and PCDFs is consist-
ent with previous reports.25 34 This analysis
showed that the area was a factor aVecting
serum concentrations of HxCDD and TCDF.
As the importance of area is not known in
Japan, further study is necessary. The negative
correlation between the Brinkman index and
the serum concentration of HpCDD was unex-
pected as tobacco smoke contains PCDDs and
PCDFs.35 Passive smoking might be important
as a factor because all cigarette smoke, whether
smoked by the worker or not, contains PCDDs
and PCDFs. In general, fish is more contami-
nated with PCDDs and PCDFs than other
foods—for example, meat and cow’s milk.2 3

Because fish consumption is much higher in
Japan than in Europe and North America, it is
considered to be an important factor. However,
our univariate analysis did not find the number
of meals of fish to be a significant factor. The
concentrations of PCDDs and PCDFs is higher
in inshore fish than in pelagic fish and fish
imported from uncontaminated countries such
as southeast Asia. In this study, only the number
of meals of fish was questioned. To clarify the
relation between fish consumption and the
serum concentrations of PCDDs and PCDFs,
more detailed information is necessary. A posi-
tive association between age and TEQs of
PCDDs and PCDFs is well known,19 25 34 but
this analysis did not find an age dependency.
The range of ages of the workers was 38–59,
which might have been too narrow to investi-
gate a significant relation between age and
TEQs of PCDDs and PCDFs.

The four workers previously employed in
agriculture >26 years ago did not remember
the name of the used herbicides. Although the
concentration of TEQs of PCDDs and PCDFs
in one of the workers was the highest among all
workers, in the other three workers the values
were means. Because the number of the work-
ers was small and it was not clear whether they
had been exposed to PCDDs and PCDFs in
their previous job, this factor was not included
in the analyses.

Conclusion
The serum TEQs of PCDDs and PCDFs in all
of the incinerator workers and controls were
almost the same as in other industrialised
countries. The comparison between the incin-
erator workers and controls did not show
diVerences in the serum TEQs of PCDDs and
PCDFs, but the concentration of 1,2,3,4,6,7,8-
HpCDF was higher among the incinerator
workers in all three areas although the workers
wore respiratory protection during the repair
work. This suggests that the incinerator workers
inhaled dust containing PCDDs and PCDFs
during their work. Consequently, if incinerator
workers perform periodic repair work without
respiratory protection, the serum TEQs of
PCDDs and PCDFs could be higher. Also,
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when the concentrations of PCDDs and
PCDFs in dust rises greatly, the serum TEQs of
PCDDs and PCDFs can increase, even if incin-
erator workers wear the respiratory protection.
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