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ABSTRACT

As the use of wood pellets increases, there is an increasing interest in the safety of the wood pellets themselves
to avoid physical and chemical damage to people and the environment. This study investigated the contents of nitrogen,
sulfur, chlorine, arsenic, cadmium, chromium, copper, lead, mercury, nickel, zinc, and cesium in wood pellets distributed
in Korea as a preliminary survey for establishing safety evaluation standards for wood pellets. Nitrogen, sulfur, chlorine,
and heavy metal contents of wood pellets produced in Korea met the specification for the 1st grade of wood pellets
determined by the National Institute of Forest Science and the specification for the commercial and residential wood
pellets of Al grade determined by the ISO and the evaluation standards for wood pellet safety determined by the
Korean Forest Service. However, among imported wood pellets, some wood pellets contained nitrogen, sulfur, chlorine,
and heavy metal exceeding the safety evaluation standards. Cesium radioactivity was not detected in domestic wood
pellets. Cesium radioactivity was detected from wood pellets imported from Japan, but it was below the limits specified
in the wood pellet safety evaluation standards. In conclusion, by establishing safety standards for wood pellets, we
believe that safe wood pellets will be used.
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Along with the increasing amount of wood pellet

1. INTRODUCTION

use, the safety issues of wood pellets for producers,

Since the start of the wood pellet production in 2009,
South Korea has seen its market continuously growing,
including the completion of a factory in 2017 that can
produce 300K-ton wood pellets per year (KEA, 2017).
Meanwhile, the number of imported wood pellets also
increased rapidly so that about 1.7M tons of wood pellets
have been imported in 2016 from Vietnam, Malaysia,
etc. (FBEA, 2017).

users, and environments have been raised by the EU
(AEBIOM, 2013). Since 2010, there have been reports
on hazardous gases, fires, and explosions during the
use or production of wood pellets in the EU. Human
and environmental risks caused by carbon monoxide,
nitrogen oxide, sulfur oxide, hydrocarbons, fine dust,
volatile organic compounds, polycyclic aromatic

hydrocarbons and other hazards generated during the
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Table 1. Safety evaluation standard for wood pellet (KFS, 2017)

Types of hazardous
substances

Allowable release or content

Testing method

Cesium radiation

(Cs-137 & Cs-134) 30 Ba/kg or less

Measurement of radioactivity in the environment -
Soil - Part 3: Measurement of gamma-emitting
radionuclides (KS A ISO 18589-3)

0.05% or less
0.05% or less
1.0% or less

1.0 mg/kg or less

Sulfur (S)
Chlorine Cl)
Nitrogen (N)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Lead (Pb)
Mercury (Hg)
Nickel (Ni)
Zinc (Zn)

0.5 mg/kg or less
10 mg/kg or less
10 mg/kg or less
10 mg/kg or less
0.05 mg/kg or less
10 mg/kg or less
100 mg/kg or less

Standard and Quality Criteria of Wood-based
Products
(National Institute of Forest Science)

combustion of wood pellets have also been raised.
Therefore, an international summit on the safety of wood
pellets was first held in Fugen, Austria, in March 2013,
where such problems and measures were discussed.

The “Act on the Sustainable Use of Wood” (KFS,
2018), established in May 2012, stipulates that when
wood products are produced and sold, safety evaluations
of these products shall be performed so that they would
not cause physical and chemical damage to humans
and environments. Based on the act, the “Wood
Products Safety Evaluation Standards” (KFS, 2017) was
announced in December 2014 (Table 1). For wood
pellets, the standards stipulate that the permissible
amount of cesium radioactivity, sulfur, chlorine,
nitrogen, arsenic, cadmium, copper, lead, mercury,
nickel, and zinc shall be determined and evaluated
accordingly. Research in Korea on wood pellets have
focused mainly on the manufacturing characteristics
(Lee et al., 2011, Kim et al., 2015, Yang et al., 2017),
and only a few studies have reported on the component
analysis of wood pellets produced or currently
distributed in the market in Korea (Kang et al., 2010,

Nam et al., 2011, Kim et al., 2013).

However, to establish the standards for the safety
evaluation of wood pellets, it is necessary to determine
the current status of the quality of wood pellet products
that are manufactured and distributed in Korea. As a
preliminary survey for the public announcement of
“Wood Product Safety Evaluation Standards”, Korea
Forestry Promotion Institute analyzed the characteristics
of wood pellets distributed in the Korean market from
July to November 2013. Thus, the present study aims
to propose the direction toward the revision of the safety
evaluation standards by analyzing these results based
on the “Wood Product Safety Evaluation Standards”
and “Standard and Quality Criteria for Wood Pellets”

which were announced later.

2. MATERIALS and METHODS

2.1. Specimens

Wood pellets of 18 domestic and 33 imported were

used as test specimens. These wood pellets were
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collected by the Korea Forest Service between July
2013 and November 2013.

2.2. Nitrogen, sulfur, chlorine, inorganic
substances and radioactivity analysis

Based on the methods described on the wood pellet
quality standards announced by National Institute of
Forest Science (NIFOS) (NIFOS, 2017), nitrogen,
sulfur, chlorine and inorganic components of wood
pellets analyzed by the Korea Forestry Promotion
Institute. Nitrogen was analysed with an element
analyser, sulphur and chlorine were with ion
chromatography, and inorganic substances with an
inductively coupled plasma mass analyser.

The radioactivity from wood pellets was determined

by measuring the radioactivity content (Bg/kg) of

Cs-134, Cs-137, and I-131 nuclides using a gamma-ray
spectroscope installed with a high-purity germanium
detector by Korea Atomic Energy Research Institute
based on the HASL-300, Ga-01-R(1997) testing
methods. The wood pellet used for the measurement

was 500g and the duration was 86,000sec.

3. RESULTS and DISCUSSION

3.1. Nitrogen

Most well-known hazardous material from nitrogen
is nitrogen oxides (NOy), which is known to act as a
precursor of ultrafine dust. Nitrogen oxides cause lung
diseases, respiratory diseases, weaken immune functions,
and the yearly death ratio by nitrogen oxides is estimated
to be 2.18-34.5 per 100,000 people (ME, 2018).

Table 2. Number of companies classified by the nitrogen content of wood pellets

(Unit: %) = 0.1 =02 =03 = 04 = 05 = 0.6 = 07 > 1.0
Domestic 2 13 3
Imported 2 12 6 5 6 1 3
* Maximum N content for 1st-grade wood pellets standard designated by NIFOS was = 0.3%.
* Maximum N content in Al-grade wood pellets standard designated by ISO was = 0.3%.
Table 3. Specification of graded wood pellets
Standard and Quality Criteria ISO 17225-2
Parameter  Unit of Wood Pellets (NIFOS) Residential use Industrial use
1" Grade 2" Grade Al A2 B 1 12 13
Sulfur % <0.05 <0.05 <0.04 <0.05 <0.05 <0.05 <0.05 <0.05
Chlorine % <0.05 <0.05 <0.02 <0.02 <0.03 <0.03 <0.05 <0.1
Nitrogen % <0.3 <0.5 <0.3 <0.5 <1.0 <0.3 <0.3 <0.6
Arsenic mg/kg <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 <2.0 <2.0
Cadmium  mg/kg <0.5 <0.5 <0.5 <0.5 <0.5 <1.0 <1.0 <1.0
Chromium  mg/kg <10 <10 <10 <10 <10 <15 <15 <15
Copper mg/kg <10 <10 <10 <10 <10 <20 <20 <20
Lead mg/kg <10 <10 <10 <10 <10 <20 <20 <20
Mercury mg/kg <0.05 <0.05 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Nickel mg/kg <10 <10 <10 <10 <10 - - -
Zinc mg/kg <100 <100 <100 <100 <100 <200 <200 <200
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Shown in Table 2 are the results of the nitrogen
content measurement from wood pellets. The nitrogen
content in domestic wood pellets was below the quality
standard Grade 1 (=<0.3%) by NIFOS and the
non-industry wood pellet quality standard Grade Al
(£0.3%) by ISO (NIFOS, 2017; ISO, 2014). However,
the nitrogen content in only 20 out of 35 imported
wood pellets satisfied the Grade 1 by NIFOS and
non-industrial Grade Al by ISO. When the Grade 4
(=£1.0%) by NIFOS and non-industrial Grade B by
ISO were applied, almost all imported wood pellets,
except three products, satisfied the nitrogen content
standards.

The Wood Pellet Safety Evaluation Standards
stimulate that the allowable nitrogen content is 0.1%
or below. However, the nitrogen content standard for
the industrial wood pellet Grade I3 of ISO is set to
0.6% or below. In Korea, 95% of the total wood pellet
usage is for generation-purpose wood pellets. Therefore,
it is necessary to reduce the allowable nitrogen content
in the Wood Pellet Safety Evaluation Standards.

3.2. Sulfur

Sulfur oxides (SOx), a generic name for compounds

of oxygen and sulfur, are often produced as fossil fuels

Table 4. Number of companies classified by the sulfur

containing sulfur are burned. Sulfur oxides also act as
a precursor of ultrafine dust and causes bronchitis,
respiratory diseases and asthma, causing 16.6-26.1
deaths per 100,000 people per year (ME, 2018).
Shown in Table 4 are the measurement results of
the sulfur content in wood pellets. The sulfur content
in domestic wood pellets was shown to be below the
Grade 1 of NIFOS (<0.05%) and non-industrial wood
pellet A1 Grade by ISO. However, only 30 out of 33
imported wood pellets satisfied the NIFOS and ISO
standards. The results did not change even with the
Grade 4 of NIFOS (<0.05%) or B Grade by ISO (<
0.05%). The current wood pellet safety evaluation
standards define the allowable sulfur content as 0.05%

or lower, which needs to be revised.

3.3. Chlorine

The combustion of organic compounds containing
chlorine produces a compound called dioxin. Under
unstable combustion at low temperature, more dioxin
is produced. Dioxin is a carcinogen, causes problems
in the immune system, changes the hormone control
functions and is known to cause liver cancer.

Shown in Table 5 are the results of the chlorine

content in wood pellets. The chlorine content in

content of wood pellets

(Unit: %) = 0.01 = 0.02 = 0.03 = 0.04 = 0.05 = 0.06 = 0.07 > 0.1
Domestic 16 2
Imported 14 6 5 5 1 2

* Maximum S content for 1st-grade wood pellets standard designated by NIFOS was = 0.05%.
* Maximum S content for Al-grade wood pellets standard designated by ISO was = 0.04%.

Table 5. Number of companies classified by the chlorine content of wood pellets

(Unit: %) = 0.01 = 0.02 = 0.03 = 0.04 = 0.05 = 0.06 = 0.07 > 0.1
Domestic 17 1
Imported 22 4 1 2 2 2

* Maximum Cl content for 1st-grade wood pellets standard designated by NIFOS was = 0.05%.
* Maximum Cl content for Al-grade wood pellets standard designated by ISO was = 0.02%.
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domestic wood pellets was below the Grade 1 of NIFOS
(<£0.05%) and the non- industrial wood pellet Grade
Al (£0.02%) by ISO. However, the chlorine content
of 29 out of 33 imported wood pellets satisfied the
Grade 1 by NIFOS and only 26 imported wood pellets
satisfied Grade Al by ISO. When the ISO Grade B
(<£0.03%) was applied, 27 imported wood pellets
satisfied the standards.

Currently, the Wood Pellet Safety Evaluation
Standards stipulate the allowable chlorine content to
be 0.05% or lower. But the chlorine content in ISO
non-industrial Grade B wood pellets is 0.03% or below,
and Grade I3 is 0.1% or below. Therefore, new
discussion on the chlorine tolerance of Wood Pellet
Safety Evaluation Standards is needed. Particularly, the
chlorine content of domestic wood pellets is very low,
but that of some imported wood pellets is still high
so that there need safety measurement plans would be

required.

3.4. Heavy metal

Once in the body, heavy metal cannot be easily
discharged, and cause serious problems as it is stored
within the protein and causes side effects in the long
term (Biedermann & Obernberger, 2005). If introduced
in the body, mercury can be combined with hemoglobin,
and hemoglobin loses the function of delivering oxygen.
Lead paralyzes nerves and muscles, and cadmium can

cause lung cancer and softens bones.

Table 6. Comparison of heavy metals

Table 6 and Table 7 show the measurements of heavy
metal in wood pellets. In all heavy metal content
measured, the domestic wood pellets showed very low
content level way below the Grade 1 of NIFOS and
the non-industrial wood pellet Grade Al by ISO. In
the case of the imported wood pellets, they satisfied
the standards on copper, nickel, and zinc, but their
cadmium, chrome, mercury, lead, arsenic content
exceeded the standards.

Arsenic was not detected in any of the domestic
products and any of the imported wood pellets, except
one, which had 20 mg/kg of arsenic. Cadmium in all
domestic products was below the Grade 1 by NIFOS
(=0.5 mg/kg) and non- industrial wood pellet Grade
Al by ISO (0.5 mg/kg). All imported wood pellets
satisfied the standards, except one. Mercury was not
detected in any of the domestic and imported goods
except one, which had 10 mg/kg.

Meanwhile, the chrome, copper, lead, nickel and zinc
content by pellet item showed that the copper, nickel
and zinc content was very low in all domestic and
imported wood pellets and satisfied the domestic and
ISO standards. The chrome and lead content were very
low in all domestic wood pellets and satisfied the
domestic and ISO standards. While most of the imported
wood pellets satisfied the standards, one item contained
considerable amount of chrome and lead. Therefore,
strict adjustment of the wood pellet safety standards
for chromium, copper, lead, nickel, and zinc is

considered possible.

contents in domestic and imported pellets

(Unit: mg/kg) As Cd Cr Cu Pb Hg Ni Zn
Domestic 0 0~0.3 1~2 0.4~7 0~2 0 0.01~1 5~10
Imported 0~20 0~2 0~117 0~7 0~84.4 0~10 0~2 1~53

NIFOS 1st-grade =1.0 =05 =10 =10 =10 =0.05 =10 =100

ISO Al grade =1.0 =0.5 =10 =10 =10 =0.1 =10 =100
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Table 7. Number of companies classified by the contents of heavy metals included in their pellets

As (mg/kg dry)

N.D = 0.1 = 02 = 03 = 04 = 05 = 1.0 = 20
Domestic 6
Imported 13 1
Cd (mg/kg dry)
N.D = 0.1 = 02 =03 = 04 = 05 = 1.0 =20
Domestic 1 1 2 1
Imported 10 5 1 1 1 1
Cr (mg/kg dry)
N.D =1 =2 =3 =4 =5 =10 = 120
Domestic 4 2
Imported 8 7 1 1 1
Cu (mg/kg dry)
N.D =1 =2 =3 = 4 =5 =7 =10
Domestic 3 2 1
Imported 1 2 3 1 1 3
Pb (mg/kg dry)
N.D =1 =2 =3 =4 =5 =10 = 100
Domestic 1 5
Imported 3 3 2 1 4 1 4
Hg (mg/kg dry)
N.D = 0.01 = 0.03 = 0.05 = 0.1 =05 = 1.0 =10
Domestic 6
Imported 17 1
Ni (mg/kg dry)
N.D = 0.01 = 0.1 = 03 = 0.6 =1 =3 =10
Domestic 1 2 3
Imported 2 2 1 6 1
Zn (mg/kg dry)
N.D =1 =3 =5 =7 = 10 = 16 = 100
Domestic 2
Imported 1 2 2 2 1 4 1

3.5. Radioactivity

Particles or electromagnetic waves that are emitted
as radioactive materials are decomposed cause chemical
deformation of the DNA, resulting in cancer, birth of
deformed children, anaemia, or leukaemia as well as

the damage on the immune system (Do, 2011).

Currently, the allowable radioactivity exposure limit
per year is 1 mSv. During the X-ray filming, the
radioactivity level is between 0.03 and 0.05 mSv; the
exposure at between 1,000 and 2,000 mSv causes
vomiting and nausea, and the exposure over 30,000
mSv results in seizure and convulsion and can lead
to death.
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Table 8. Concentration of radioactivity released from domestic-circulated wood pellets

Type of wood pellet

Cs-134 (Bg/kg)

Cs-137 (Bg/kg)

A (domestic) <
B (domestic) <
C (domestic) <
D (Imported) <

0.10
0.11
0.12
0.17

< 0.13
< 0.11
<0.17

17.1 (1.8)

* < means less than the minimum requirement of detection for Cs-134 and Cs-137.
' Number in parenthesis is the standard deviation of measured values.

In June 2009, Italy ordered a recall of 10,000 tons
of wood pellets imported from Lithuania (Nuclear
Power Daily, 2009) because 300Bg/kg of radioactive
cesium (Cs-137) from wood pellets and 40,000Bq/kg
from fly ash were detected. It was reported that this
was due to the Chernobyl nuclear accident that had
occurred in April 1986 then in the Soviet Union.

Japan Forestry Agency measured the radioactive
cesium content in March 2012 after the Fukushima
which showed that the

radioactive cesium content in wood pellets sampled

Nuclear Plant Accident,

nationwide was 1-78 Bq/kg, and the radioactive cesium
content in pellet fly ash was 770-7,400Bq/kg (Japan
Forestry Agency, 2012). Also, a considerable amount
of radioactive cesium was detected in the fly ash of
wood pellets produced with European wood sawdust
and subsequently, these wood pellets were recalled. In
that case, it was believed that this was due to the
Chernobyl nuclear accident.

On the other hand, a survey on the quality and
distribution structure of wood pellets produced and
distributed in the Korean market, conducted by Korea
Forest Service in 2012, showed that some imported
pellets from Japan showed cesium radioactivity (Han,
2012). Accordingly, Korea Forest Service announced
the Radioactivity Preliminary Safety Standards in
December 2012, where they prohibited the distribution
of wood pellets which had radioactivity content over
40 Bg/kg and wood pellets of which fly ash had over
4,000 Bg/kg of radioactivity (KFS, 2012). Meanwhile,

they announced that caution would be required for wood
pellets with radioactivity content over 4Bq/kg and for
processing fly ash which had over 400Bq/kg of
radioactivity.

Shown in Table 8 are the results of radioactivity
content in wood pellets distributed domestically. The
radioactivity content in domestic wood pellets was
shown to be below the minimal allowable detection
limit whereas radioactive cesium was detected on those
imported from Japan. Therefore, there is potential
radioactive contamination with imported wood pellets
depending on the origin, and the need for establishing
the safety evaluation standards for artificial radioactive
materials like cesium was raised (Han, 2013).
Accordingly, in 2014, NIFOS provided the Wood
Product Safety Evaluation Standards, and currently, the
allowable amount of cesium radioactivity in wood
pellets is defined to be below 30Bq/kg (NIFOS, 2017).

4. CONCLUSION

The present study is a preliminary survey for the
establishment of the Wood Pellet Safety Evaluation
Standards and analyzed the characteristics of wood
pellets distributed domestically from July to November
2013. It examined the nitrogen, sulfur, chlorine, heavy
metal and cesium radioactivity content in wood pellets
as potential materials hazardous in human bodies and
environments.

The sulfur, nitrogen, chlorine, and heavy metal
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content in domestic wood pellets satisfied both the
Grade 1 standards by NIFOS and non-industrial wood
pellet Grade A1 by ISO. However, a number of imported
wood pellets either exceeded the Grade 4 of NIFOS
or Grade I3 by ISO in terms of the nitrogen, sulfur,
chlorine, and heavy metal content. In terms of the wood
pellet safety evaluation standards, the nitrogen content
would need stricter standards, and in case of the sulfur
and chlorine content, some revisions would be required.

While cesium radioactivity was not detected in
domestic wood pellets, it was detected in imported wood
pellets, which was below the allowable amount of
cesium radioactivity stipulated in the Wood Pellet Safety
Evaluation Standards at 30Bq/kg. In the Wood Pellet
Safety Evaluation Standards, determining the allowable
amount of cesium radioactivity content would contribute

to the radioactive-safe use of wood pellets.
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APPENDIX

(Korean Version)
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3.1 dax
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213 D150 IS AIF 712S WSSk SYAYISY 4F(S10%) L IS0 HIAAG BRHEL0%) 7153 23,
) ERS AT AY R B4Rl YATRF FA 71E APt

BAAZ SPAAB} 71N Ak Gl 10% 0|3k Ao Glek. 1Y) 1S02] 4G BAWS BF Ak THY
7122 06% of5t2 o] ek Stk wAg BRI Aggol A 95% FES A5 ek uteh] B
9 AN} 7129 W2 HEFES Folok T Bast e,

3.2 %
FABRS0)E Aot o] BT BAY FHOE F& FU I AR ALERA 22 WY PAREBE
2o A S ATEARE G, /1BAG, 5] B L AL FUAA A7 108 B 16626173 Ago] o] 2]

A)
o

ofr
@ T

o) [e]
=] gl
Beh el SIEHME, 2018). BB F TS SO0, o] 23S Table 4] Lehiiet. Fjat Bz
G HRFS A FBA TYALYINY FATA 1H(S005%) 7123 1S09] v BABH ELHA AITH=004%)
7\Z ofstel AR 2 Tl 9 B4R F RS A 3] B2 ke 307 Eol FYARLY
15 %150 Al 7|88 wHaisict. ST 43(=0.05%) U IS0 BH(=0.05%) 7152 Hgatcjzi o] gt
Aol BAW ARTIL Z1% B 5EeFo] 0.05% olske FRE el it olo] He 25| Bzl

a2 ) colSAlolek BHiEo] AAHh e LwolA] B ¢t dojubd
o BS TS WESH Btk thol$AS MABAR BRH glov), ¥e A oL HHesE su s2E
27150) WBkE Fol 19k 5 STk Qeld qirk BAWSIY) 9o TS AT 2 Table 53 2ok Tk
SAEgle] g T A FRolA FYAYILY EATY 1H(=005%) Z1E3 1S09] MG BAA3 FA7
ALH(E002%) 71 oJ5tel A0 Ak et ) BABIY @4 FFS HA 337 EZ 712 297 Fol
FYARYEL 15 7120 1231 267 FSo] IS0 Al 7|2E WEBeh. IS0 BHE003%) 71%S H§3HA 277 E5o]
7122 WSS B4 BB QPAABI el G 5180l 0.05% olsh AHol gk TH 1S02] wlalg
B SAWAY Ak THFS 003% ol3h BF A4 RIS 0.1% ofshE =] glek. webd BB et
29 G2 gl et A2 ot Bashh S5 b BB G G hS ke Holuk, U 5
!

=
o =
SRS da FHrgol =of ool gt b FE Hiete] YRd Aow g

34 Fa%

F4E Aol Solew 2 Was A ok el Blol wuHo] ol 4I7to] A HAE-L UERRY thio] e
913/ 3}e}(Biedermann & Obemberger, 2005). $-2] #4o] 4-20] Solsh S RFTM AT AL S FAsH
Ak e AR 2RS vhlAYI, SRS %S Q0 4 gow mE e .

BB FF4 GRS 2T 2k Table 6 2 Table 79 2ok, T BB A9 24 WE F34 oA
FYAYISAY] BB EA 15 7123 1509] vl g BANZ Aluck 2 e A0 2AEeln 54 BAE3
o A%, P, UA, ok FRFL 2 /122 BESGOL, JIER, A8, 22, W vk FHFS 71ES HIsHAC.
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Hai SUAR A B2 o RS AY 29 BABAINE AEEA ROk T FBo SUAEA 20 mgke
AEEST AR S 2 B8] FYAIA FATA 1F 713 05 mgkgtIS02] A B4 FA72
AL 713(= 05 mghg) o]5t2 2AEIIE 429} BAMIINE 3 F22 Aofshn Ff 8 IS0 7|5E wEslg), 408
S A BB G EBS A2 29 BABANAE AEEA ROk T EFY SUABAN 10 mekg A2

S 28, 7o, o UA 293 ohdle] BAY ek Wl B aAe Ad 7o, U, ofdle it o
ol W A BRI U L FHEFE dehle 2 9 IS0 712E Eesih BT W gHSE 2o A9
A ES oo e s S W IS0 /|5 WESTh 9 SAWsI] A9w A thii S B S
e SO, o BB e B AT e F9shn dolch ueb 28, 7, & UA, ofele] thet B4
P 71 BB 1EAY A 2AE el Ao et

Piks =20 EHUA WESE A AdA7|uh= DNAS sfsha] MAdE zeiste] o, 713oF &4 WE, WEy
S Yo7l ACR HiHi QlthDo, 2011). BA] 7t AR ¥ H3e= | mSvEH

Xid #9A 0.03-0.05 mSv, TFE} w2752 WAL 1,000-2,000 mSv, WAk F7E 37k mSv o] oA sk of
5 Agol7HAl o] 24 Hr.

20099 69 olgkE]otoll A g|FolLjot= e 4231E 10,000 £2] EAjHslo] tisle] 2]E-& 245 thNuclear Power
Daily, 2009). A= 31o]A 300 Ba/kgo] WAV Al3(Cs-137)0], ALAolA] 40,000 Bakg HEH 7] w2l 1986
49 TRl A2l AR A AT ARILe] Rl AoR HiEgth

2] Yoby 2 FFAuF YA A WA FEARL 0] % 20124 3 AR AMIAls =S ST 23, A=
ZERo A et SAE ] WA Hle see 178 Bakg, BSlAaA o] AN Al = 770-7,400 Bakg M U<
I %itH(Japan Forestry Agency, 2012). E3F -4t S49) o2 A 23t 241519 bAoA = thafe] WAMIAlsol
HAEHOl HEHe AP ot o] A9k A2k Aol WS AL Fl Ao dFnh

ohd 20129 AFA A= =diol M Aat B RS EL e SAEEY £ 3 R 24 23 RO RFE IR
FUFNA Algdabsol AE=AL a5 THefshelth(Han, 2012). ojof what 20124 129 Aol PAks ofH] 7 lEs
JABHET, 40 Bakg oFde] WAks S HARt SAHS Aol A 4,000 Bykg o13e] HARsol AEE SAES
e TAIBIATHKES, 2012), ?FH 4 Bakg o3| ®ARs 55 Hetd SAEsiah daajollA 400 Bakg o142 WAkso]
AEd SAEEY A daA A2A F7F Fasirtal 1At

Table 82 SloflA &5 e SALSY PAs = 2ARE Axolnt. sujat SAAsA 9 Wiks s=e
B FA HEPAA oIt AN, YRA wolE AR YAV Aol AEE U webA £ SAEsef
tiaids datAll met ks 2 H 9 7hsAdol eBE Al 22 e dARsel thet QPRI 7% vhee] 284l
A171 %] $th(Han, 2013). o]of] wj2} 2014\ = akglapshelo]l ot SAAIE 487t 7ol nhdE o, e SAEs
o] MleAks 3832 30 Bakg ©st2 145l SITHNIFOS, 2017).

oo

42
B AolE 1Y SRS AL 71E ABS 1 el 2ARA 20139 TANE 20139 119744 el
AR S ATk AA L B oet 3 S RAEA BARIG) HHE AR 3 B4 T 92
2 SRS RS AR
S BB B, A, G W FRE BRFS TYADYIAY BABY FD 1F 71%3 1502) vl g SR
AL 7122 UEsgIE Te 54 BB 49 o] SR Ak, a4 2 334 Bhwel FRiEsay
BAE3 F 43 715S ZAAL S09] AAG BABI 37 715S 2ashiich SABR A 3710 YolA
A el 35 BAET o AF3 71 o] Bash, Fat Ga ARG AEO|E thh 2o AAT O VL
FUAE SR Aol AEEA Shekork, 44 SR OB L YA Aol At chak B
% QPIABL 7120 Y AP 56991 30 BykeE StEISHITE BABS oY BrIEl dlold Al aks
0 S1ga Aol WARso] hst BAEE olge] slelsh Ao Berg,
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