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Measures to Prevent Emissions of Hazardous Materials from Crematoriums m Japan

Nobuo TAKEDA!, Masaki TAKAOKA? and Kazuyuki OSHITA?

'Eco-Technology Research Center, Ritsumeikan University
Department of Urban and Environmental Engineering, Graduate School of Engineering,
Kyoto University

This study measured hazardous materials, including dioxins, mercury, and hexavalent chromium compounds, in the
flue gases, fly ash, and bottom ash from four crematoriums in Japan, to evaluate the emissions from crematoriums.

The toxic equivalent concentration (normalized by 12% O,) of dioxins in the flue gases from crematoriums ranged
from 0.00012 to 1.2 ng-TEQ/m’ . The estimated maximum emission inventory of dioxins from crematoriums was 1.1 g-
TEQ/year, which is less than one-fifth of the present emission inventory. Although mercuryin flue gases fiom crematoriums
was under the minimum limit of determination using the JIS K0222 method, Hg from dental amalgam contributed
significantly to the total mercury emissions from crematoriums based on a continuous mercury speciation analyzer, as
in our past study. The hexavalent chromium compounds leached from all ash samples exceeded the Japanese
environmental quality standards for soil by 180 to 1,200 times. Therefore, countermeasures against hexavalent chromium
compounds in the ash from crematoriums are required.
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PCDDs/DFs and PBDDs/DFs EMISSIONS FROM CREMATORY

Takeda N', Takaoka M?, Oshita K* Eguchi S

1 Eco-technology Research Center, Ristumeikan University, 1-1-1 Nojihigashi, Kusatsu, Shiga, 525-8577,
Japan; 2 Department of Urban & Environmental Engineering, Kyoto University, Kyodaikatsura,
Nishikyo-ku, Kyoto, 615-8540, Japan; 3 Taiyo Chikuro Industries Co.Ltd., 6-21, Higashikouen, Hakata-ku,
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Abstract

Dioxin emission guidelines for crematories were implemented in Japan in 2000, but the effects of the new
law have not yet been fully evaluated. In this study, concentrations of polychlorinated
dibenzo-dioxins/dibenzo-furans (PCDDs/DFs), co-planar polychlorinated biphenyls (PCBs), and
polybrominated dibenzo-p-dioxins and dibenzofurans (PBDDs/DFs) in flue gases, fly ashes, and bottom
ashes (mainly bone) from several crematories were measured as a follow-up investigation. Total
concentrations (0,12% normalized) of PCDDs/DFs in flue gases ranged from 5.3 to 540 ng/m’y, and toxic
equivalent concentrations ranged from 0.00018 to 11 ng-TEQ/m’y. Based on these measurements, the
average emissions released for each body being cremated was estimated to be 1600 ng-TEQ/body. This
value is about two fifths of the value recorded in 1999 which suggests that the guidelines have been effective
in reducing dioxin emissions. Conversely, toxic equivalent concentrations in fly ash ranged from 0.014 to
5.0 ng-TEQ/g. Higher dioxin concentrations were observed in facilities that used a heat exchanger as a flue
gas cooling device; secondary formation of PCDDs/DFs on the surface of the heat exchanger may explain
this difference. In addition, PBDD/DF concentrations were measured in four crematories, but were only
detected in one; in this crematory, the PBDD/DF concentration (0;12% normalized) was 0.031-0.045 ng
/m’y and was almost negligible relative to the measured concentration of PCDDs/DFs.

Introduction

In Japan in 2007, 99.9% of dead bodies were cremated and this percentage is the highest in the world.
According to demographic statistics', the number of mortalities is increasing so it follows that the number of
cremations is also increasing. For religious reasons, emissions from crematories in Japan are not regulated
by the Air Pollution Control Act or the Waste Management and Public Cleansing Act. However, it is
necessary to examine toxic emissions from crematories to determine their environmental impact and to take
measures to reduce or monitor them if necessary.

There have been some investigations into polychlorinated dibenzo-dioxin/dibenzo-furan (PCDD/DF)
emissions from crematories”’! but only a limited number of extensive surveys have been carried out. In the
detailed survey by Takeda et al.’, the authors measured total concentrations of PCDDs/DFs in flue gases
from 27 crematories and reported values ranging from 0.074 to 29.2 ng-TEQ(WHO98)/m’y with an
arithmetic mean value of 2.9 ng-TEQ(WHO98)/m’y. Based on these results, the average emission quantity
per dead body cremation was estimated to be 4200 ng-TEQ(WHO98)/dead body and total emissions were
estimated to be 1.8-3.8 g-TEQ(WHO9S8)/year based on the registered number of cremations. The dioxin
emission guidelines for crematories were prepared based on the results of this investigation by Takeda et al.®
and their data were also used for the national inventory. In Japan, measures to reduce dioxin emissions have
been applied to all known dioxin sources, which has resulted in a remarkable decrease in dioxin emissions.
For many sources of dioxin emissions, the emission inventory is regularly updated with the newest data.
However, the data for crematories are significantly out of date; the inventory has been using emissions data
obtained almost 10 years ago. While it can be broadly assumed that dioxin emissions are indeed decreasing
because of the countermeasures implemented since the guidelines were enacted (such as good combustion
control and installation of advanced air pollution control devices), according to the national inventory,
dioxin emissions from crematories are increasing due to the increase in the number of cremations, simply
because the emissions data have not been updated.

Emissions of organobromine compounds from thermal processes have been of recent public concern'?. In
crematories, emissions of these compounds might be high depending on the contents of burial accessories
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that are combusted with bodies. Therefore, it is necessary to investigate the actual emissions of
organobromine compounds from crematories.

In this study, PCDD/DF, co-planar polychlorinated biphenyl (PCB), and polybrominated dibenzo-p-dioxin
and dibenzofuran (PBDD/DF) concentrations in flue gas, fly ash, and bottom ash (mainly bone) from several
crematories were measured as a follow-up survey to evaluate the effect of the emissions guidelines and
update the PCDD/DF crematory emissions data in Japan.

Materials and Methods

Table 1 shows the configuration of 11 crematories and the sampling conditions. To evaluate the effects of
the guidelines, implemented since 2000, we selected 5 crematories (Facility No.1, 2, 5, 6, and 7) that were
constructed after 2000. In these particular facilities, bag filters were used as dust collectors and advanced air
pollution control devices (APCDs) had been installed. Conversely, Facilities No.3, 4, 10, and 11 were not
equipped with even a dust collector. All crematories had a series of one secondary combustion chamber to
one main combustion chamber, and in all cases, except in Facility No.5 flue gases were cooled by air
ejectors. Facilities No.1 and 5 used a heat exchanger for flue gas cooling. Natural gas and oil were used as
axillary fuel in 6 and 5 of the crematories, respectively.

Table 1The configuration of 11 crematories and the sampling conditions

Facility No. 1 2 3 4 5 6
Dust collector Bag filter Bag filter - - Bag filter Bag filter
Advanced APCD Catalyst Activated carbon - - Catalyst Catalyst

Heat exchanger
+ air ejecor

Heat exchanger

Alr gjector Air ejector Air ejector L
+ air ejecor

Flue gas cooling device Air ejector

Ventilation Induced Induced Induced Induced Induced Induced

The number of secondary
chambers connected to 2 2 2 1 2 2
flue gas treatment line

Fuel Natural gas Natural gas Kerosene Kerosene Natural gas Natural gas
Experimental No 1 2 1 2 1 2 1 2 1 2 1 2
Cremation time 42 46 68 61 71 66 90 71 58 57 66 59
Age 81 83 69 87 84 65 74 90 64 75 91 79
Sex female male male male female male female female female female female female
Facility No. 7 8 9 10 11

Dust collector Bag filter ];:)1;(:;;;::2: - Screen -

Advanced APCD Activated carbon - - - -

Flue gas cooling device Air gjector Air ejector Air gjector Air ejector Air ejector

Ventilation Induced Induced Induced Induced Induced

The number of secondary
chambers connected to 2 3 1 1 1
flue gas treatment line

Fuel Kerosene Natural gas Kerosene Natural gas Kerosene
Experimental No 1 2 1 2 1 2 1 2 1 2
Cremation time 48 68 64 45 60 63 59 64 85 64
Age 98 85 66 80 75 88 93 91 60 67
Sex female female male fernale female male male female male male

Sampling of flue gas was carried out twice for each crematory. Flue gas was sampled throughout a
cremation, from ignition of the secondary burner to extinction of the main burner. During the sampling
period, concentrations of dust, O,, CO, CO,, and NO, were measured simultaneously. Flue gas temperature



was measured and the age and sex of the cremated bodies were recorded. Bottom ash (mainly bone) was
sampled at all crematories except for Facility No.8, and fly ash was sampled at all facilities with the
exception of Facilities No.1, 2, 5, 6, 7, and 9.

The concentrations of PCDDs/DFs and co-planar PCBs were measured in all sampled materials, wheareas
PBDDs/DFs (tetra to octa) were only measured in samples from Facilities No.1, 2, 3, and 4. Sampling and
analysis of PCDDs/DFs and co-planar PCBs were based on the Japanse standarad method JIS KO0311.
Analysis of PBDD/DF concentrations followed the manual of the Ministry of Environment". The notes on
the specific matter such as cremation time in each crematory refer to our previous works®. This study used
the toxicity equivalent factors (TEFs) for PCDDs/DFs and co-planar PCBs proposed by WHO/IPCS in 2006.

Results and Discussion

PCDDs/DFs and co-planar PCBs concentration

The results of the analysis of PCDD/DF and co-planar PCB concentrations in flue gas, bottom ash, and fly
ash are shown in Table 2. Total concentrations (O,12% normalized) of PCDDs/DFs and co-planar PCBs
ranged from 4.7 to 540 ng/m’y, and toxic equivalent (TEQ) concentrations range from 0.00005 to 11
ng-TEQ/m’y. The average TEQ concentration was 0.88 ng-TEQ/m’y. In Facilities No.1, 2, 5, 6, 7, 8, and 9,
the concentrations in both measurements were lower than 0.1 ng-TEQ/m’y. Facilities No 1,2,5,6,and 7
were constructed since 2000, a catalytic destruction system for dioxin and NOy had been mstalled in
Facilities No.1, 5, and 6, and an activated carbon adsorption system had been implemented in Facilities No.2
and 7.

Table2 The results of the analysis of PCDD/DF and co-planar PCB concentrations
in flue gas, bottom ash, and fly ash

PCDDs/DFs+co-PCBs

Cremation Gas Dry gas a a a
Crematory time  temperature volume Flue gas® Bottom ash Fly ash Dust} CO® NOx ?2
(min) €O /b - — - — (g/my) (ppm) (ppm) (%)

ng/my ngTEQ/m’y ng/g ngTEQ/g ng/g ngTEQ/g

No.1 1 42 150 9,210 16 0.096 0.020 0.0000033 520 13 <0.003 <20 100 17.9
’ 2 46 4.7 0.000053 <0.009 <30 50 20.0
No.2 1 68 110 14,600 9.0 0.0059 0.012 0.00000035 71 1.4 0.028 120 84 19.7
: 2 61 18 0.012 <0.005 35 120 19.2
No.3 I 71 220 6,210 75 11 0.18 0.0033 0.17 260 84 184
) 2 66 41 0.62 0.14 360 130 18.6
No.4 1 90 580 3,250 54 1.0 0.044 0.00000062 0.041 250 91 150
: 2 7 5.6 0.084 0.064 64 99 152
No.5 1 58 140 9,160 12 0.011 2.40 0.042 310 50 <0.008 26 86 19.8
: 2 57 150 7,780 53 0.00018 <0.006 56 110 194
No.6 1 66 86 13,900 12 0.0036 0.12 0.00055 9.1 0.10 <0.007 <4 97 19.6
: 2 59 17 0.010 <0.006 <3 120 19.5
No.7 1 48 88 14,200 14 0.025 0.029 0 37 0.61 0.005 <20 120 19.1
2 68 5.5 0.0037 0.005 33 100 19.1
No.g I 64 170 11,200 25 0.062 0.032 <8 110 19.0
! 2 45 140 9,880 14 0.059 0.032 32 100 19.3
No.9 1 60 290 4,560 9.4 0.089 0.12 0.00067 0.13 <30 110 18.1
2 63 300 3,590 10 0.10 0.16 <10 130 17.9
No.10 1 59 250 3,700 540 11 0.02 0.00000035 1.1 0.014 0.15 180 84 174
: 2 64 230 4,860 86 1.7 0.10 <40 93 18.1
No.ll 1 84 400 4,130 84 1.6 0.31 0.0044 0.19 270 82 158
2 64 85 1.7 0.17 77 110 16.6
Maximum 90 580 14,600 540 11 240 0.042 520 13 0.064 360 130 20.0
Minimum 42 86 3,250 4.7 0.000053 0.012 0 1.10 0.014 <0.003 <3 82 15.0
Median 64 170 7,780 i5 0.073 0.080 0.00028 54 1.0 0.032 34 100 18.8
Arithmetic mea) 62 240 8,020 52 0.88 0.32 0.0051 160 34 0.066 88 100 18.3
Geometric meat 61 220 7,040 21 0.55 0.081 0.000073 40 0.65 0.028 42 99 18.2

a PCDDs/DFs+co-PCBs, dust, CO and NO, concentrations were normalized by 12% of O,.
b The TEQ concentrations were calculated using WHO2006-TEF.

Conversely, at least one measurement in each of Facilities No.3, 4, 10, and 11 was higher than 1 ng-TEQ
/m’x. These facilities were constructed before 2000 and, with the exception of Facility No.10, did not use
any dust collectors. Although Facility No.10 was equipped with a simple screen, the dust concentration was
not sufficiently low for effective dust removal. Specifically, the first samphng at Facility No.10 recorded a
total dioxin concentration of 11 ng-TEQ/m’y, which exceeds the value set in the guidelines (5 ng- -TEQ/m’y
for existing facility). Based on the concentrations of other gases, the combustion conditions during these
sampling periods were not inferior to those during the first measurement at Facility No.11. One possible
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explanation for this difference may be that de novo synthesis occurred on the surface of the flue gas duct or
on the simple screen.

These results emphasize the importance of efficient dust removal, using a bag filter or electrostatic
precipitator, in preventing the emission of dioxins. However, dioxin concentrations varied even among new
facilities. The structure of Facility No.9 was of the old type and similar to that of Facility No.11, but
concentrations of dioxins in emissions were low. In other words, while the effect of including an APCD in
the crematory structure is significant, combustion conditions are also important because PCDD/DF
concentrations are influenced by many factors such as the dead body and burial accessories.

TEQ levels in bottom ash were very low and ranged from 0.00000035 to 0.042 ng-TEQ/g. Conversely, TEQ
levels in fly ash collected from dust collectors ranged from 0.014 to 15 ng-TEQ/g. The concentrations in fly
ash in Facilities No.1 and 5 exceeded the regulations on TEQ concentrations in solid waste incineration fly
ash (3 ng-TEQ/g). According to Table 2, the CO concentrations in both facilities were relatively low, which
suggests that the combustion conditions were sufficient. Because the heat exchanger is used as a gas cooling
device in these facilities, secondary formation may have occurred.

In this study, fewer males were cremated than females, but age and sex had no influence on the total
concentration of PCDDs/DFs.

PBDDs/DFs concentration

The PBDD/DF concentrations measured in flue gas, bottom ash, and fly ash are shown in Table 3. As
indicated, PBDDs/DFs were not detected in three crematories. In Facility No.4, PBDD/DF concentrations
(0,12% normalized) were 0.031-0.045 ng/mBN, which is 1/100-1/2000 of the measured concentration of
PCDDs/DFs in the same flue gas. The most significant contributing homologues were
tetrabromodibenzofurans (TeBDFs).

Table3 The PBDD/DF concentrations measured in flue gas, bottom ash, and fly ash

Cremation Gas Dry gas PBDDs/DFs
. temperatur
Crematory time . voslume Flue gas® Bottomash  Fly ash
(min) (°0) (m’n/h) ng/ m’y ng/g ng/g
No.l 1 42 150 9,210 N.D. N.D. 0.072
) 2 46 N.D.
No.2 1 68 110 14,600 N.D. N.D. 0.068
) 2 61 N.D.
No.3 1 71 220 6,210 N.D. N.D.
’ 2 66 N.D.
No.4 1 90 580 3,250 0.045 0.0038
’ 2 71 0.031
Maximum 90 580 14,600 0.045 0.0038 0.072
Minimum 42 110 3,250 N.D. N.D. 0.068
Median 67 185 7,710 0.038 0.070
Arithmetic mean 64 270 8,320 0.038 0.070
Geometric mean 63 210 7,220 0.037 0.070

Watanabe and Sakai'? reviewed the environmental release and behavior of brominated flame retardants
where PBDDs/DFs and PCDDs/DFs were introduced into municipal solid waste incinerator (MSWI) flue
gas. According to this report'?, the average concentrations of PCDDs/DFs and PBDDs/DFs (tetra to hexa)
from 75 incineration plants were 770 ng/m’y and 4.0 ng/m’y respectively. Measured PBDDs/DFs
concentrations from the crematories in this study were much lower than these values for MSWIs, and the
ratio of PBDDs/DFs to PCDDs/DFs was equal to or lower than that in MSWI flue gas. PBDDs/DFs were
also detected in bottom ash only in Facility No.4 and were found in concentrations less than one tenth of
those of PCDDs/DFs. PBDDs/DFs were detected in fly ash in both Facilities No.1 and 2, but were found in
concentrations much lower than those for PCDDs/DFs. Although more data should be gathered to make
more robust conclusions, and the detection limit for PBDDs/DFs is not excellent, it is assumed here that
crematory emissions of PBDDs/DFs are negligible relative to those for PCDDs/DFs.



Total emission from all crematories in Japan
The total emissions from all active crematories in Japan were estimated using the following equations:

Total emissions (ng-TEQ/year) = Emission quantity (ng-TEQ/body) x the number of cremations (bodies/
year) 1)

Emission quantity (ng-TEQ/body) = TEQ concentration (ng-TEQ/m’y) x dry gas volume (m’w/h) x
cremation period (h) / the number of cremations (bodies) 2)

The emission quantity, shown in Table 4, ranged from 0.041 to 16000 ng-TEQ/body. There was roughly a
0.4 million-fold difference in emission quantity between crematories. The arithmetic and geometric means
were 1600 and 110 ng-TEQ/body, respectively. When we converted the emission quantity recorded in 1999¢
to one based on the TEFs proposed by WHO/IPCS in 2006, the arithmetic and geometric means were 4200
and 1900 ng-TEQ/body, respectively. Thus, the ratios of arithmetic and geometric mean dioxin emissions in
2007 to those in 1999 were roughly 2/5 and 1/20, respectively.

These mean values were multiplied by 1,193,967, the number of bodies cremated in 2007, and the total
emissions were estimated to be 0.13-1.9 g-TEQ/year, expressed as the range of the arithmetical mean from a
geometric mean. This is equal to 0.04-0.7% of the present PCDD/DF inventory in Japan.

Table4 The Emission quantity of PCDDs/DFs and Co-planar PCBs

Creamtory Sampli{lg time TEQ concentr;ation Dry gai volume  Emission quantity
min ng-TEQ/m’y my/h ng-TEQ/dead body
No.l 1 42 0.10 3200 210
2 46 0.000053 1000 0.041
No.2 1 68 0.0059 2100 14
2 61 0.012 2900 35
No.3 1 71 1.1 1800 2300
2 66 0.62 1700 1100
1 90 1.0 2200 3400
Nod 71 0.084 2100 210
Nos 1 58 0.011 1200 13
2 57 0.00018 1400 0.24
No.6 1 66 0.0036 2200 8.6
2 59 0.010 2300 23
No.7 1 48 0.025 3000 60
2 68 0.0037 3000 13
1 64 0.062 2500 170

No.8
2 45 0.059 1900 83
No.9 i 60 0.089 1500 130
2 63 0.10 1200 130
1 59 11 1500 16000
Nodo 64 1.7 1600 2800
1 84 1.6 2400 5300
Noll 64 1.7 2000 3700
Max 16000
Minumum 0.041
Median 130
Arithmetic mean 1600
Geometric mean 110

The United States Environmental Protection Agency reported that emissions of dioxins from crematories in
Japan were 0.27 g-ITEQ/year in 2000'". The proportional contribution of dioxins from crematories to total
dioxin emissions was 0.02%. Conversely, according to the European Union dioxin inventory, crematories
released dioxins at the rate of 9-19 g-TEQ/year and contributed 0.2-0.8% of the total dioxin emissions in
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the EU". This suggests that crematory-derived dioxin emissions in Japan have been reduced to the same
level as that in the US and the EU despite the much higher percentage of cremations in Japan (99.9%
compared to 20—40% in the US and EU) and the fact that the absolute number of cremated bodies in Japan is
more than 1.5 times that in the US and EU. Thus, we conclude that the dioxin emission guidelines for
crematories in Japan have been successful and are justified. Also, the installation of advanced APCDs has
been shown to exert a significant influence on the reduction of PCDD/DF emissions.
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S17-12 Mercury emission from crematory in Japan
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Anthropogenic sources on mercury emission have significant impact on global pollution.
Therefore, it is required to find unknown sources and to assess the emission from the sources.
Limited data on mercury emission from crematory is available all over the world. In Japan,
99% of dead bodies are cremated and the percentage is the highest in the world. There are
more than 1600 crematories in operation. We focused on the emission from crematory in
Japan and its data was examined. The numbers of targeted facilities were twelve. Total
mercury concentration in stack gas was a few pg/m’ N, which was almost same level as that
in stack gas of municipal solid waste incinerator. In two facilities, we used continuous
emission monitor to measure the mercury concentration and understand the mercury behavior.
Considering the behavior of mercury in cremation, it was confirmed that the mercury in stack
gas was originated from the mercury in dental amalgam. The amount of mercury emission
was calculated by using the total concentration and flow gas rate. Furthermore, the annual
amount of mercury emission from crematory in Japan was estimated by using total number of
corpse. The emission amount was considerably lower than that of estimated in UK. In the
view point of the statistics on dental care and population movement, the total emission
amount from crematory also predicted. There was a large difference between the emission
base on the measured data and on the statistics. According to the estimation based on the
statistics, the amount of mercury emission from crematory will supposedly increase by
1.3-1.8 times from 2000 to 2025.

Keywords: Mercury; Crematory; Dental amalgam; Emission; Inventory
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100 -] @2007&ELCAR ERRREFCRRt
O KLAFHZ) ;
~ 80 F----- e P i 1T
N, I H ] 1
£ | | d i
I A
H | | | i
ﬁ{l 40 F----- - i H4H-=-=== 4-=-=-=-—A
'm | | |
I 1 | i
20 __________ E DR PO d__ - _
" R R
=

200 400 600 800
195 &E 2E(mg/ke)

B-2 BEK, ECLAKFREI 2 L0
BEERELAHELOBRF

1000
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xkEv, 2L DY T MTOVT, BRHEHEBIIZZE
100%FRE L 2D, 19BEREL L TARINAE
Ja MIFDIFEAEDKEBEMERS E LTEEL,
BHEL LTEEINTWAZ ENFRBENTL. T
rhb, B-2 12305 MEEERIE, Ny v A

%5 BEK, EUAKPAREI 2 b))
1955 AR EBHENLRD L HE

198EHE |FHE BHERHEE A
a b c=h X 10 c/a*100
(mg/kg) (mg/L) (mg/kg) (%)
BB |AQ2007) 250 30 300 120
B(2007) 58 9.0 90 155
C(2007) 110 13 130 118
D(2007) 310 90 90 29
E 26 30 30 115
F 580 60 600 103
G 70 72 72 103
H 140 71 7 51
I 5.7 0.58 58 102
J 670 59 59 9
£LAIR |A2007) 140 16 160 114
8(2007) 460 60 600 130
E 66 27 27 41
F 880 96 960 109
G 210 19 190 90
J 230 16 160 70

¥ 2007 EOAHEIZ v LD 19 BEEE, BHEIIXERY
KIEHEREMEC b X 1013, TEFLEMEETHEEIND
BHERBRICRBWT, Bl (FH) - &F (BE) »#10:1 T

DI BEFELEHEOIZIZ I M1 OFSICES B
DEMESTHZLENTESD. ZOHAEIE, EEIX
EZULARICEDLLS, ZOhoRM7 v L0
ENELHLEZbDIC R TWD I ERHEIND.
-2 OBFENLEHELIH T 5701208, £7,
19 BEHBEEZMAI L0 blen ERFRBR S
n, TRTHIERARLE L CEHENEELZBIET 25
BRI LAERANETCHL EEZLONS.
TBEIRIZOWTIE, ZOBMRENDREHANT
BY, N7 e AOBEHRITI0% UT THoTe. Z
DRICBI LT, %280 AN S, Z Ol
R TOHEN ABEFBEN 158 ~ 16.6% TH Y, AHF
R IBIT BDSMEN 174 ~200% TholzZ &, 2
2, PEH A O CO BEE MM KFRIFIT E Sy ViR
MALREZ DG, FARLBEHETHAKT
Holele i, ERENBAMEY 0 AOLFREER
FLLTWAREEMELRH B0, FREIZE-Z 0 LA
Motz EL, ZOBARIZBWTH, SFEBL
O, BHEBEEELBERLTWARED, JELLT, F
NOFETHIEIC LV BRBELZET SE, A2
v ADOEREIRT D X 5 R RICIIRALSH S &
Eibhb.
¢ HEARMER

P ARERREO—BEER -6 1Lz, SRR

bHIEitds. e LTIV CARE, CO(FEHIE), NOx(FHIE)
5R-6 EBEEICRIT AP TAFRERR
5H gg BEERE ?ﬁg g’fgﬁ ggx ?Fﬁxiﬁi IZFWCEA] co NOx cOo, 0,
mfE |ZmE By |wm=
B % mt%ﬂﬁf‘;x °c °c of myn| miwh| e/mi|  pem|  pem % %
. E-1 58 | 50(FBHHR) 912 800 144 9540 9,160 <0008 26 86 08 19.8
E-2 57 | 49(#HHR) 923 780 147 8010| 7,780| <0.008 56 110 12 194
F-1 66 | 69 (#pHTHR) 956 833 86 | 14300 13,800 <ooo7 4 97 08 196
F F-2 59 | 51(#PHHR) 960 840 <0.006 <3 120 0.9 19.5
G-1 48| 4704730 NA|  NA 88| 14600 142001 (go5 <20 120 15 19.1
@ G-2 68| 65(1T:h) NA. NA. 0.005 33 100 14 19.1
" H-1 60 | 30(4Tid) 1035 820 290| 4760| 4560 0.13 <30 110 23 18.1
H-2 63| 40(LT:d) 980 830 2961 3770 3590 0.16 <10 130 24 17.9
[ -1 59 | NAERHH X) NA. NA. 247| 3890] 3700 0.15 180 84 25 174
1-2 64 | NAERHAR) NA. NA. 230| 5150 4.860 0.10 <40 93 20 18.1
| J-1 84| NAUT NA| NA| 4001 4440 4130 0.19 270 82 38 158
J-2 64 NAKTiH) NA. NA. 0.17 77 110 19 16.6
RAIE 84 - — — 400 14600| 14,200 0.19 270 130 38 198
=/ME 48 - - - 86| 3770 35%| 0005 <3 82 08 158
th R {E 62 - —_ — 230| 5150 4860| 0054 32 105 1.7 186
BHIFEHE| 63 — — — 214] 8200| 7320 0078 32 104 18 184
SEEHE] 62 — — — 189 7270 6970| 0030 30 102 16 183

XEBTREUTOELZSVWTH, EETRELARZL,

TV LA, CO, NOxIZDWTIL0,12% BEE
¥ N.A.: Not Analyzed

o fE, HiTFEHE, RALHELZHEL
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ZDWTHET RT0,12% BEE TR LT

O CABER, NT 7 4 F—8 X OREONE
PR E R OB EHET A LB BRENRE SN T
WA HEER E~G T3V T, 0.008 gim? LAUF TH VK<
Bl TR, ECAEORWERH, BLOE
RITIE, 013~019gm’ THY, & WMEZRLT.
MR IICBWTITE A E LTAT U — AR
BINTOER, 010~0.15 gm’, ThY, ELAE
DI — 2 L IFIERIGSDEE R L. Lo T
A7 V= T, BOECABRIIHFE TSV
LWz 5,

NOx 2B LTI, & T3k T 82~ 130ppm TH Y
figk = SIS KREREFR NN

COWZREE LTI, MEaR] CHEMEWMEMZ R L, &
K270ppm Th o7, HERTRESEHL, PV
AMBOEBEIIHFE VA LNRI-T. COITIE,
FREEIZMA T, BEORILSCBERRNBKE F
BELHLOEEZLND.

d) RNEIOLOHATABRBHTOHHEDHTE

KEEIFICHRT A RBONM 2 v B LT,
2007 FEOREY, BIUOAMEIZT, £ TOEEKX,
BLOEUARICOWTHEHEBERELZBETLZ &
WA GNE IR ol KEIFOENRE~DEREL
BEREZ LGS, RE~OHEHEZITE L TEL
TENBEETHD.

TITH, RT T4 F—IIN A, BREESOTEME R
WEREEOBEEYEA A BB E SR E S MERR
E~G&, £EULAEDRY, HDHNIECATRD
IRWHEER H ~ J 12381 2HE0 R &8 U7 kK EEIFH
~ORM 7 0 AOPHEEZHEL, N7 NVE—
BIOBEHEN ANEREOHEAN, NMis v b
PEHIGNC B2 AR EALNCT A & & LT
BARMIZIE, AT HEICLY, kELEHZYVD
A7 v 2PEHEEHEE LT,

9, ANtz e scBL L, R-6IRTHET A
IREE 86 ~ 400°CIZBWWTIXZF DIE & A ERERTE
ETHEZEZLNATD?, EUAEC, MEEES
DOHEH AR CHIE L E 2o iRV LA,
KE~FEHEINABIZ, TRV CAILEENSE A
iz v hEXPRRIEHES Lz, £, EWLCAF
Mz v ABE L LT, &iRo0&E UAKRFARM
I LD BEEEFRWE. LER-> TRFOE
A7 v ATRWI EWEREETH. EUAMEA
2, 19 BEFEMEBTERWVWERILE, VT
AFAREZ v AREVE, BUAMEZET HHRICE
519 BEREORKNE~B/MEOHHFEZ AV .

PLEORHREIZEY, UTFo ORI LEN-T, Kk
FRIFHEN A OHEIC BT DHET AR 7 v AR

BE 1 G Hg /) Z3RO T,

G G . ..-C M

aovm - Youst Crv)
Gpysp © FEV AL CAREE (g/ m))
(0,12% Hi% )
Con : T L AROHIAN 7 11 50D
19588 E(ugg)

WIZ@)RUCLY, RO G, 1CEHER T OKEE
RS ) DRI ABERL, KFEIEHLY
O 7 v AHEHE M (mg/ &) ZHEE LT,

Cr(vI)

Mp = Gy * 107V - 1/60 @)
Vo B PN 2B (m? /h)(O0,12% )
t : KEERERH] (min/ 1)

BB, SHERICBIT A, t: KFERR, VT AE
(O,12%ME ), G, : BV AHIZOCABET2 KD
KREEDEEMEZ AV Tz,

REBEELER-TIORLE., £, eV 2d XM
s LBE (19 5E8FE—R) I, XN T E—
+AREEEE, H A WIITEEREERFESRE SN,
2007 FEICHHE L2 ER A ~ B, ABFRICRIT Bk
E~GIZRWT, O,2%BEET, 023~ 38ugm’ 52
FEL HFEL L. ASantarsiero HiE, £ F Y T O/
TI74NE—%BTHKEFIZBNT, EROER
THH AR DTN CAEEND 7 0 bk, BBNE
#ICP-MS CTHIFEL, HEVAHES v MREZRKD,
ZOMA, 60 = 10pgm’, (0,11% HBHE{H) Th ol &
HBELTNDY. ZOMHEIL0,12% BEETIL5.4 £
0.9pg/m’ L7025, BkT 58, HERK DECAKT
W REHMESITIC L 227 v ABERERR -9 IR
T E 912 1,820mgkeg TH Y, ZOBRONMZ 0 ADYE
BT 15mg/L ThoTl-. ZOBEHELREELRE
BET DL 150mgkg L0 h. R-5OBHELY, K
HEREORHEREESL, OEEFELOMIT, £
A CHE L2 4 OE U AR T41% ~ 130% O
BICH-oTeZ &b, WK QL CARFARMZ o
LD 19 SEFENE, 115~ 36Tmgkg TH D & H#HE
BTxd., ZoOEE, PHEFESESTICLDRD
=27 1 LB 1 1,820mgkg D 6.3%~20.1% 2% 5T 5.
27 LAOPFEMEE LT, BOMEICP-MSIZL D
BlEE, FHFHHEOTTOMEITIZENETH EE
A BB, ASantarsiero b DIREED 0,12% HH
f# : 5.4 = 0.9ug/m’, D 6.3% ~20.1% 73, HEH ZAHDAR
iz v LARE (19 FEFE—X) ITHEYL, 20
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£-7 KEFICRTDHESTARKRME Y v MRE LHHEOHE
1HH KB [HEHRRE 1WA |ELCAKS AR AEIOL  [EE:
BERE | (32F) Afo AL REVOLEE |HHE B R 18
1958588
B 43 m’y/h g/m’y mg/kg ng/m’y me/{k
2007 |A 44 2,100 <0.006 140 0.42 0.65 [BF+SCR
B 65 2510 <0.017 460 38 10 |BF+AC
c 69 1,730 0.155 (66-880) 75 140 [SECAMAL
D 81 2,130 0.0525 (66-880) 25 70 [SECAMAL
AME IE 58 1,320 <0.007 66 0.23 0.15 |BF+SCR
F 63 2,240 <0.007 880 2.9 3.3 |BF+SCR
G 55 3,000 0.005 210 1.1 29 [BF+AC
H 62 1,360 0.145 (66-880) 70 97 |SELAMLL
1 62 1,550 0.125 230 29 46 |SC
J 74 2,200 0.180 (66-880) 86 230 |ECAMIL

2007 EDKETFT—F, ELAROANEZ v b 19 BEHEIINEKA)

MOKZERER, mEHETREE, WO LA SV TIEE R
MEEHTAWE, TV LAIKDSVWTIHO,12% BREE

2SO KEOEYE

KEULARNEI/ v L19SEHEEO NI, ECABNRS T —F/BENED, ELABEAETIHRORR~R/IE

NP HTAFARM I 2 ABE,
XBF : AT T4 VE—,

R 7 v AHEHE,

i, 037 ~12ugm’ L REL ORI, LIci» T,
AHFFRORHRE ~ G OTFHIETH 5 0.23 ~3.8ug/m’
CIFERIUA—F—Ths EHRENS.

EULABARBENTWHWARY, HEWEETCAD
FTNEWIER TH D, 2007 FEDMERC ~D, BLW
AWFZECHE LR H ~ T IZRBWTIE, HET A
DA 7 LBE (19 B EFE—R)1L25~ 86pug/m’
OFBICH D EHEIN, PR EBNATT 4N
B — OB EHEN AR ESRRE SR LY b
BEWEBEL-DVICHS EHBlaND.

KEE 1R T- 0 OAM7 v 2PEHRE 19 FE8F
BN—R) LTI, N E—, BLOE
EHEN AR E 2 H T 5 2007 FEOMEFFR A ~B, &
I CHRE LR E ~ GIZBWT0.15~ 10mg/ (& &
REbLONZ. £, ECAMERLRY, HDWV
13H - THECABRME, 2007 FEDOHEFRC~D
BLOAEMECTHE LEERH ~TIZB8WTE, 46
~230mg/ & & REEL bz, WHFOEBIZLY, N
iz v APEHE (19 BEFE~N—X) 1L, £LAR
ROFNNT T 4 L F—REEHE T ARG R
BahbZ licky, ELABEELRY, 50
13E UABSIRMEVE ST LT, 78 ~ 99% (&
ENTWA. Thbh, eV A%ZEE LT KEEFH
~DOAH Y B ADHEERS, T LTHA X 8k
HEE 2 BRIREB S NS 7 4 Vv E —OR EHE
H AR LV IHI S TnBEEZ LR,

UtkXoy, %mi’%bf W, NT 74—
DOEEYET AMERECLY, FEhTnsZ k
ﬁ%x%hh.b#b,%&ﬁ&&b(%zt
K@,&ﬁﬁfﬁ,k%¢@ﬁ%ﬁubwkﬁ%%

A7 e 19 BEFEX—ZXATHY .,
SCR : BHELEERE, AC : EMERBRERME, SC: R7 V— v KRECAHE

EWROLHEL LTHY

PRIz L W EESIRIEE & LTIRZFET TV A8,
PEH B HECIR B R E N BB A CHEE LW, =
NHOHEHBEIZOWTEEHEFTMT 52 8T
TV, E, BiIHERE~OBEIZOWTH, K
T s Lkh oz, fFRinicix, &Y
MR ENLETHD.
e) NEEFRIZHITHLY OLOHHREK
INETO/RNDL, KEFNORI~DEI B
LOPEHRE A B L, MuRBER AR OV R L
HERE L7, ECARFOLY a MIxtd 5 A4
suah (19 BEFE—X) OFIEN, RROmRE
W2k, 63%~201%ThHDEHESNEZ. ZOMHEI
v, k1KLY OAMZ v AHEHEE (195
GEEN—R) B, 7o AOHEHREICBE LT,
F/, AARAOEHEM, FHBIOEED, BT
FHEOBAEIE D 5O B R OMKRE N 53.5kg/ (&
LHEE SN, KBk s n A ERBEREE
Bz OPEHREICHBRE U, e RRBERAR O
27 v AOPEHAENE, USEPA, AP42 T < #ih X
NTRY, ZInbLERRERAEREEE LD,
KEEE OB AT o1, RIEREROBERR, P,
INEFAS 2004 EDENICBIT A7 v LD KA
PHA R R -2 REL - TEY Y, Thias
EZiz L.

x£-817, k2E, BILUOMLOBRERER? ORI~
D&y v LOPEHREE R LU, £9, HEV A0
DOHHEEERD L, KEFNPLOEY v AOHEH
124513.0.014 ~ 3.0mg/kg TH Y, FRAKSIKE, BEE
W), TAKIETRERN S IRIERIA—F—Th ok,
—7, HEH R ORWES, kEEOPEHR T
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®-8 KEE, TOMBBERER, LRI ~0O27 v LHEHHEE (mgke)

EHH B RLEBL | S R HY k=3 Xk
e - HEA AL \IE R

BRANEE " Ol Rmesy BE R SEE B | O
BRI 449 0.015~0.13 15)
TKERBEAD 14 0.01~98 16)
itk Lo alE 130~350 64lCr-Mgl o HEE 17
A NELE —| 0.0039~0.070 18)
" ~ | A RIRIBIEL MEERA, B, E~G

KEE 43~69 0014~30| 33 By H8C. D, Hed AWR

4.3~ 69mg/kg TH Y, RRAKIIFEE, BEEWIEAH,
TRIBIREERID 4.5 ~ 14mg/kg L RBE D, Tk
DHLELSRDAREMERH B Z LN RB IR, 7o
LADOBEFIZONTITRE TR 20, BREXNERY
LT, ARPEEY, TABIRICHE U CGEEE
FIZES, A, BEHCRRT A n ARGl kb L
B XL, kL7 e NREHEAS TN D
ATV VABDBERY I FORBRHDH EEZ DI
5.

(2) Y O0LOBERE
a) KEFITBTH2I0LDTRANT VR
KEITBITABRBIK, BIUOELCAKFARMS o
LAOBEEILEID, EEREDHAT L AM(SUS310S)
BETHD EHAMSNTVEY, ZoRiLe LT,
UTFoX5hz tRnELLNS.

£, SUS310S DX 9 RA 7 v L ASHTCIEREIC
Cr,0, D& S e REEBENER S, ZhiCLh &
R - BLEAK THEHEARITTHRE DBRL B 3 SR E
DREFINLTWE22, &R - BEREAKT CHEERE
PHEOT N ) PEERCEWC LY, Cr,0,I3AESIC
Bt X, KBEMEONRMZ v MueHEFRT D &
ENBHM, NBICERERS T A Frx T
%4 b (Ca,(PO)OH)) IThz, =7 RT T A, [REE
AFVIBREBEENTNDE LBIZD, BHEOKRE
e LT, INVVULAEELY Y AZ T AVRERN
TWAHHERGH Y, ZhOPER - B{ELFEEKT T
A7 v AEREBERETLEEZOND. 2720,
KEEFNICRIT BT AL, Cr,0, W& EN D ATHE
WRHY, THBRAEZ 2 LOHFIZ/>TWNWAE D
ELBWETER, FI2TC, KFBIIBITA L7 0 A
D ANRT U AERLMNITHZ ET, BEK, B
FOECAKRTAMZ 0 AOBKEHLNITES
EEZ . BEMIZNEE, BERKICBWT, AT
ABUBRENFREIR, BLXOEUAKRFRMZ 2D
BEd LEBOKEFICBITAL R ADT AN
VAEBE L., ZO%E, UTORICLIE 0

LDOPWEAPRHILT HLEZONRD.

MSer=MBer+ MFer 3)

MSecr : kBB 1 KBV DORT L ABBEL N
27 1 LOBLE (mg/ 1K)

MBecr : k2B 1 & H7- 0 OFRBIRKICHFT 5
27 v L& (mg/ k)

MFer : XZE 1 RS-V OECARKICHET D
271 A& (mg/ &)

MScr : k1 KHT-0 DRT L ABBEE T 7 0
LAOWENL, B-3IRTHERK OAT L ARLe
BORBREE TOBERELZE 2, UTO @RI L
WRODHZENTE S,

MScr = 7t (SUR — SU0?)*L+p-Ser+10° /N (4)
L kg Jl ‘

NA

m

B o O O

S5 L . 42

-3 MisKIZBIT5AT L AREEE
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£-9 KEFIBTIL70b0ANRT U ABEMICAWEBERYK

EH e (He |@E %
ATULRAHBREOHNHEE SUi  |m 0.010 |E-3&Y
ATULRABELEOZMBFRIZEITEEE [SUo |m 0.005 |MER/K, AT VL AREX ALY
ATULRABBLEDBES L m 486 |F-3LYUHEH
ATULRELEL SUSSI0SOLLE P kg/m® 7870 |BHREHHEE LY
ATULABMBEE 20 LEHEES Scr  |wt% 24 |SAMREETIARE LY
ATULABEE O BBAE TOXRZEERIN & 180 |EERKiBE T —2DET IV T &Y
BERDPOSIDLERE Ber |mg/kg 4,210 | P HEFRESHE ST R(FEH{E N=3)
KEIVABHEYOBRBRREER MB  |ke/ik 3 |MERKGEET—aDET )T &Y
ECARFTOEIOLERE For {mg/kg 1,820 | P HEFREHE AT R(E{E:N=2)
NTT4NE—ABRBVCARE Din  |a/m’y 0.05 |HEERKBIT—2DET VT &Y
NT 2 E—H OBV CARE Dout [g/m’y 0.01 |MEEXKESR T —2DET UL T &Y
KEEVABHI-Y DA ZE Vb |miy/ik 12,000 |MEERKBER T —2DET VT &Y
gii"&ﬁ‘;ﬁgﬁi‘ Fer : £ CARFOET v LPEFE (mg/kg)
16000 | MATULAMBADLIOLEDS Din : N7 7 4 W Z— AWV CARE (g/m’)
14000 b o 873 ____ Dout : /377 4 L& —HAIFEW CARE (g/m?)
& 12000 |- . Vb 1 k31 {hiTz 0 DN A B m’ /1)
§ 10,000 - --
o Lo N IRLDOEERDZEDICANET—#, BIO
2 s - e | _ WEMER-QICELDTRLE. FEIhbORUC
£ L B L7e > TROIMRAK B 5 KFICBT 54
§ thw B JRLDTANT AR -A4ITRY. B-4X0, R
’ T VAR RS v AORESIE, 12,100mg/ KT
° NPT oUTRUT HHEDICKL, HRIK, BLOELAROEY 1A
H-4 VEDKBIRTAEZnAD BlI, 12,600mg/ &, BILU863mg ETHY, P h
TANT Y AR MFER IZ OUTPUT 237 < 72 7228, % DEIEIE 110%IRET
SUi : A7 v L ABBEE DOFIHHE (m) HY, BhESTIFERE T,
SUo : AT v L ABBRE OZHFEIIC BT 5 INPUT & LC AT > L ARIBEE DI I AR Sk
H4E (m) 0, BREHERR, BIZER, FARbKY, EVEXINE X
L: A7 VABBEEOKRE X (m) BB, AMEREZ v LIERE 70kg DA B TR
p: AT L ABBEE  SUS310S DHLE (kg/m?) 2mg/ K, GETHEINDHI ENHD, 12,100mg/ &
Ser 1 A7 L ARIBRE : SUS310S H WL TERTE A EEZ LN, BEHIR -1 I1TR
27 1 LAEFEE (W%) Lz & 54T, AT ARAVSN TSR, £
N : 27 v L ABBRE ORI E TD AR n AT EAEEERBNEEZD
ZEEMAEL(1ER) na. E£i, THR0£s v A, ICP-MS TOHIE

BELT, 624 gL LORERHDY. FK-6IZBIT
MBer : kZE 1 BT 0 OEFKICEKETH 2 0 HKRETOFERAEBIINSOL/ K THDOT, THEE

A%m,u?wﬁfﬁ_ibibégamf%é. D7 u I3 Img/ KEnb. LiznoT, Zhiz
owf%ﬁﬁf%ék%zaﬂé BlZE S0P N

MBer=Ber-MB Q) K, BEMICEAL T, 7 ulsE8HER, KFEIC

B ABAOEODT -2 R ELNR»oTz®), 1T

Ber : BEHIKEY v LREE (mg/ke) T LAaWnA, BEK, ELAKRROEZ o LABA

MB : kZE1EHT ) OBREBIKFEEEKYE) TUVABREORDETIZIERBATEL LD,
LRI B I D e e B 2 T

MFer : KZE1 EHT- 0 OECARICHEE T2 F72OUTPUT & LT, HBEIKFOLE7 o AREL

n LB, UTOG)RUICEIIRDEZZENRTESD. HUARICHELEL, BERKOBRERBIIZORFKR

k%< LTS, KE KDY OREIRRE

MFcr=Fcr+ (Din—Dout)- 103+ Vb ©) , B-OIRT LI, Higk~De7 Y 7

;Dﬁgm&LTmé BIFIE, {KE 60kg DiEED
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