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2. Education and Training on Radiation Emergency

Preparedness in Pakistan

Khalid Saleem
PINSTECH Complex Hospital,
PINSTECH, PAEC, Islamabad, Pakistan

Past few decades have seen an
intensive increase in application
of radioactive sources in industry,
medicine, agriculture and

research and development fields

throughout the globe. Nuclear
Power generation is also increasing at a substantial
rate specifically in our part of earth. The use of such
sources has helped the mankind in significant ways
but the associated threats always remained a big
concern for their use. Though the recent advancement
in incorporating enhanced safety features in design
and operation of such sources and facilities have
done a great job there still exists plenty of chances
that any of such source or facility can pose a serious
threat to public and environment. Considering these
possibilities many nations of the world have developed
their education and training programs for general
public and radiation workers in order to educate them
for dealing with nuclear accidents and radiological

emergencies.

Pakistan has well established infrastructure
of its nuclear and radiation facilities, which are
geared towards generation of power, research and
development, industrial non-destructive testing,
medical and agricultural use of radiation and
radioisotopes. Most of the facilities are under the
operational control of Pakistan Atomic Energy
Commission (PAEC). The major facilities of
radiological significance in the country are two
power reactors, two research reactors, radioisotope
production facilities and radiation sources used in

agriculture, research, industry and medicine. All these

facilities are operating under strict regulatory control
of independent national regulatory body known as

Pakistan Nuclear Regulatory Authority (PNRA).

Pakistan is well aware of the importance
of nuclear/radiation emergency planning and
preparedness. To meet the radiation emergency
requirements, Pakistan has a modest emergency
preparedness infrastructure in place. The radiation
emergency preparedness programme has two
levels; the facility based emergency preparedness
programme and national programme. The facility
based emergency programme includes emergency
plans and emergency procedures, which are laid down
as facility specific documents which are reviewed
time to time to include the new concepts and improve
any short comings. These plans and procedures are
regularly tested by mock emergency exercises, which
are critically reviewed by the inspectors of regulatory
authority. The findings of the exercises are used to
improve the emergency planning and preparedness
programmes at all the facilities. The same is observed
at Pakistan Institute of Nuclear Science & Technology
(PINSTECH), which is a multidisciplinary institute
where two research reactors and a radioisotope

production laboratory are located.

As far as the education and training in the field
of emergency preparedness is concerned, regular short
and well thought courses are arranged to train the
manpower working at nuclear or radiation facilities.
These short courses are arranged by various facilities
like PINSTECH where the participants are invited

from all the facilities in the country. These courses are

of two natures one, which is meant for technical work
force, engaged in handling radiation facilities and
radioisotopes whereas another course is specifically
arranged to train the country’ s medical doctors to
handle the victims of any radiation emergency (Fig.

2-1). At PINSTECH a very detailed course spanning

Fig. 2-1 Second short training course for doctors on radiation emergencies held at PNSTECH Islamabad

over six to eight weeks is arranged for the radiation
workers of the institute wherein the syllabus is chalked
out in consultation with Pakistan Nuclear Regulatory
Authority. Results of the course are also conveyed to

PNRA as a part of regulatory requirement.

Same considerations were being felt since long
at PNRA, which convened several meetings, training
courses and seminars for education of radiation
workers in protection against emergency exposure
during their work practices. The IAEA through its
safety standards series GS-R-2 on “Preparedness and
Response for a Nuclear or Radiological Emergency”
also require national infrastructure for education

and training of radiation workers and general public

so as to make them capable to deal with radiation

emergencies.

The national emergency preparedness programme
has its hub at Pakistan Nuclear Regulatory Authority,
which runs a National Radiation Emergency
Coordination Centre (NRECC),
which is twenty-four hours
manned with all the time

available communication links.

In December 2003
International Regulatory Review
Team (IRRT) Mission visited
Pakistan and recommended that
the Government of Pakistan
should (continue to) pay attention
to, and provide for adequate
resources for the Research and
Development program of the PNRA to ensure that its
competence and knowledge are maintained at state-of-
the art level. Pursuant to this recommendation, PNRA
initiated its program for education and training for
its own staff and as well as for the radiation workers.
PNRA School for Nuclear and Radiation Safety
is established within PNRA for this purpose. It is
anticipated that this School will help us strengthening
the professional competence of regulatory staff and
will also serve as the platform for educating general
public through seminars and media campaign. This
program for education and training would also focus
on establishing arrangements to ensure adequate
preparations exist at a national level in response to

radiation emergencies.
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Medical management of contaminated or exposed
individuals as a result of an accident is a vital area of
work for PNRA. Pursuant to PNRA Ordinance-III of
2001 & under Regulations on Radiation Protection
(PAK-904), it is the mandate of PNRA to develop
and execute a national policy to deal with medical
surveillance of exposed/contaminated individuals
in case of radiological accident. Since its inception,
PNRA has put significant efforts in establishing
and strengthening the infrastructure for medical

management of such victims at national level.

As a first step towards establishment of such
infrastructure, PNRA proposed that the PAEC &
other Government Hospitals may develop strategies
for the development of national capabilities for the
management of radiological accidents victims. Several
meetings on this issue were arranged at PNRA HQ
in July 2005, which was chaired by SM, PNRA. It
was agreed to develop a committee comprising of
officials from PNRA, PAEC and other Governmental
Departments. The committee would designate
hospitals that will develop an infrastructure for dealing
such casualties. The committee will also define the
strategy for the training of the personnel. During the
second meeting held in September 2005, one of the
participating organizations voluntarily committed
to establish a model infrastructure for dealing
radiological emergencies in their premises while other
hospitals will develop a minimum infrastructure for
initial treatment of exposed/contaminated individuals.
These hospitals will highlight their requirements
and PNRA will coordinate with the Government, if

requested for the provision of funds. The volunteer

Hospital is in the process of establishing separate area
exclusively for handling and management of exposed
individuals for which a sketch of the block prepared
by RSD, PNRA had already been submitted for
completion of administrative & financial formalities.
In parallel to this, PNRA is coordinating with NCMC
(NDMA) to develop a National Emergency Plan and
to ensure the availability of minimum capabilities for

handling such accidents.

As medical practitioners are seldom aware of the
importance of early diagnosis of radiological injuries,
training of medical and paramedical staff is extremely
important. For their training, PNRA arranged a one-
day seminar for medical/paramedical staff of major
hospitals in Islamabad on “Handling & Management
of Exposed/Contaminated Individuals” during April
2006. PNRA is also developing a training programme
for trainers on the same issue for education and

training of medical and paramedical personnel.

PNRA has also developed guidelines for
medical practitioners on “Handling and Management
of Contaminated/exposed Individuals” . Public
information brochures have also been developed by
NRECC, which contain information on self-protection
from radiation sources and about the agency, which
is to be informed if any of the radioactive material
is found in public domain. Standard operating
procedures for various practices to be carried out by
the licensees are also being prepared. All these efforts
are in continuation of PNRA' s activities towards the
education and training of workers/medical community

as well as for general public.

(F2=#]
NERZVICHE T RHARBEDEHCOHT - FIR

YU ATy oAb (OSFRTY)
AN < A =L

NEZREY N BT - BHHBO Lo LA~
77 %FbL, . IR, EXRFAHMEL TB
D AT L A EOMBEIZ T 25 VT J1RB % (Pakistan
Atomic Energy Commission; PAEC) IZ X - TEE I
TWwb, ERMHIE 2 OOBEF, 2000 %FF. 74
Vb= TEEA MR L CRESERH o B G % T
Hbo ITNHIE, M L-BEMEE SFRF VET
J1HT (Pakistan Nuclear Regulatory Authority;
PNRA) XX o THLHBHIEN TV,

NRERY Y OREZMIET ST MIEHREDO D O & [H
DHDE2DODVLRVD D5, MikBOTUT T LI,
XEIZF EOONIBD T, BEHEREICF 2 v 7 &
NTW5b, NF AL VIETFIRZEMZEH (Pakistan
Institute of Nuclear Science & Technology:
PINSTECH) 32 20Hf%eliL 1 20 RI EA: ik 2 ##
DEGHOMIEHTTH LA, 22 THRABOREIE T
T 7 g A0 Th T b,

B IS OHE IHIIMEZER O 72D B M R 5
TI—ARLYHEVIT = AP ENT VS, FHa—2
I3 PINSTECH % OB THft v, 288D 5. M4
BaERH BREmIo b ok, EHNO R IEE%
W EREBET 57200 DTHS, PINSTECH T
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AEH SN TWT, 222 24 BB AVF BE Lk

EHIDHEFEF SN TV B,

2003 4% 12 HICEBHBIHE ST — 2033 F 2 5 V%)
ML, PNRADXZDL NV E#MFTEDL L) LETS
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0y 7 AERBL. BB EED 720D (School
for Nuclear and Radiation Safety) ##&V.L72o 2D
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oTBY., ZOHO 1 DOIFEEAE T IV ki % i 2.
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WL ¥ ] (Handling & Management of Exposed
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ZHfEL72e ZOEICE L C. PNRA EHI K O'E
WAY Y TDDOIBZREH T 7 L2 REPTTH
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3. Education and Training on Radiation Emergency

Preparedness in Thailand

Chairat Temlaksup
Radiation Oncology Department
National Cancer Institute Bangkok, Thailand

Introduction

Radioactive materials and
ionizing radiation are used for

a wide variety of purposes in

medicine, industry, agriculture,
research and other. The Office of Atoms for Peace
(OAP) is meant to monitor and control safety
procedures of these substances (Fig. 3-1). On February
2000, the people at Samut Prakan in outer Bangkok
had exposure to radiation that leaked from a cylinder
containing radioactive cobalt-60, a radioactive material
used in a radiotherapy machine for treating cancer
patients. The people have been exposed to the cobalt-60
radiation leak. Those were being treated at Ratchavithi
Hospital (Fig. 3-2). The doctors reduced the severity
of patients but they were lacking instruments and
experience to treat. Some of the victims have suffered
the worst side effect, hair-lose and burns to the groin.
The other victims also developed radiation burn on their
hand and leg and two hundred and fifty-eight people
living in a 50-metre radius of the leakage were believed
to have been exposed to the radioactive substance,
although none had direct contact with it. The Ministry
of Public-Health office plans to continue the monitor
for 10 years. This incident was the first time radioactive

leak in Thailand.

’

Fig.3-1 The Office of Atoms for Peace (OAP) Fig. 3-2 The Ratchavithi Hospital
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Education and Training Course

After cobalt-60 incident, Thai government have
done many aspects to prevent the future accident
happening again. The OAP is main organization in
charged of radiological activities in the country, who
has to ensure that all activities will not pose undue
risk to public and environment. The OAP believe that
best way to ensure safety aspects is giving operators
knowledge regarding to their task. Therefore, the
OAP provides numbers of training to staff and
other radioisotope user, such as reactor operation,
radiation protection, and emergency preparedness and

responses, etc.

(A) Training Course and Emergency Exercise
Beside in—house training course and local
instructor, the OAP also seek for international co-
operation such as International Atomic Energy
Agency (IAEA), Australian Nuclear Science and
Technology (ANSTO), U.S Department of energy
(USDOE), etc. One of them is a bilateral agreement
with Japan Atomic Energy Agency (JAEA) to
deliver technical co-operation between the two
organizations. This results in many radiation and
nuclear fields. One of the important topics is Training
Course and Exercise on Emergency Preparedness and
Response. Methodologies used in this course
are classroom lecture, laboratory practice and
exercise. Instructors are expert from OAP and
other relevant organizations such as JAEA
(international organization) and the Department
of Disaster Prevention and Mitigation (domestic

organization) .

The scenario was set up by the OAP with
consensus of the JAEA each year before exercise, for
example; the accident occurs during movement of
irradiated sample which cause operators’ injury and
radioactive release. The course has been delivered for
3 times, once a year, for the last 4 years. The OAP
received good co-operation from outside support such

as police, hospital and rescue team.

In 2006, The OAP obtained the co-operation from
the Ministry of Interior, the Department of Disaster
Prevention and Mitigation whose responsibility is the
first responders in any disaster situation, conducting
education training courses and exercise for first
responder. This course was conducted 2 times in
different parts of the country, North-eastern and

Eastern part of Thailand, respectively.

(B) Status of Academic Courses in Radiation
Radiation Science has been included in
curriculum of science study in every universities and
colleges. Some universities have master’ s degree
course in radiation field, for example, Radiation
Oncology, Medical Physics, Nuclear Technology,
Radiation Technology, etc. Medical societies in
radiation field have been established as shown in

Table 3-1.

(C) Education for Students

There is effort to cooperate basic radiation subject
in the learning material of primary and secondary
schools. The OAP has cooperated and supplied
information relating to radiation and radioactive

materials to units for developing the learning material.

Nuclear Society
of Thailand 1994 600 600

Thai Society for

Non-destructive 1991 30 30
testing
Thai Medical 1975 100 100

Physicist Society

Nuclear Medicine
Society of 1985 170 170
Thailand

The Society of

Radiological
Technologists of 1967 800 800

Thailand

Thai Society of

Therapeutic
Radiology and 1981 600 600

Oncology

Table 3-1 Academic Associations and Societies in the Radiation Field
in Thailand

The OAP also participates in the events arranging for

special occasion; Science day, Youth day, etc.

Conclusion

Thailand has started nuclear program since 1954.
Radiation accidents in country rarely occur and
are mostly in level 0-1. After cobalt-60 accident in
2000, the emergency preparedness and response plan
has been revised to serve both research reactor and
for other radiation facilities. Training and exercise

on nuclear or radiation emergency is prepared for
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an emergency response and to get acquainted with
emergency procedures. However, the OAP is also the
main deliverer of training on emergency preparedness

and response for other organization.

(F03 =]

21ICH T MHGRBERRFHISOET - FlK
ELAAATSERT (54)

FXATI - TATIRT

1ha

5 A4 Tl ETFIIT (OAP) DSBUHHEWE O E= 5 —,
W, ez Twde 2000 4E 2 A2, FEEE O
BB O I N T 60 DFHH Y N Y a7 A
YL b TIHDNADPHIEL Lo BEIZTF Y
FRBETIHF S NS, AT A2 D BFHITE R HAL.
Foo RO REL & v o ERE 2 Lz 2F1% 50m
DIND 258 ADOFEAPHIEL L& SNTwb, ARf
HBFI0EM 7+ 0 -7 v 7E2HILFETH D, =
DHED 7 A THD TOREHRFRTH - 720

HEEMN—=VFJO—-R

ZOHEHDOHK. I A BHFIRIFREREZREI S W)
DT LE L7, OAP . ZEXERT 720D
RoFdid, FEEBRICZOMBICHT 2HM#EEHET S
ZrRZE L., BFFoMEE, BOsbiE Rk~
il RIS & Vo 72T DWW, GRS
DML ==V T %#fToT&

(A) PL—=vra— R L BaNIE
OAP . EWEMIC X 2WNIE I — 212z <.
IAEA,ANSTO,USDOE 7% L o #fk & O EE K %247 -

T&7 ZNHDO1DWJAEA Lo hite T, 2o
HOREREZR My 7 AR OENENISIZHET 5
PL—=v 7 a—-RLINBTH B, R IL OAP,
JAEA, SEFHANIGER EOEMETH D, BH ik
LTI, R EREER, IMsHCSRh, YY)
FICEDSWHB O EEND, Soa— R, Bic3m
Ff ST b, OAP &, %, Wikt. WKLz LD
177 BT 5, 2006 4121 MBIR IS A B D720 2 —
A5 2 [l i S 7z,

(B) Wit 4l o — 2 o BLRK

BUR#FLE. RFPOBRBFOHN ) F 2T 202
EENRTBY, WO DBLRELH L, BHEERD
W OPRLEINTWV S,

(C) #AHE
AN, RO SR iR B0 25 b
ENTW5h, OAPRHA TV AF—RBHEHOH LV
TeARY POEEICHBE LT 5,

(FISCEARY B SEHEEE )

HIZ<ERI—AFEOHL X

BEWIE S ERIE, BEOPTTHERGR 2B ES)
DI TIRABRWEEZ SNDH, BEHRIE < il A%
HLTHY ., ZLORBRIEF Y A HAERDL &
BHREECTH B L7zhi> T ZOS5FIHED L EHMED
Bud, BERREETHE &, SRS LE T TH
bNb, 7. TOHIIEE ORI L BE L AN
GEHTHY ., FREEF, BEBREFDOAR LT, £k
. R EREE. AR, AR, AMEE. BRI, KE
[E2f, AEMESE, S wvo W EMEET S, o T,
FICRBEELEICBWTZ o0 BOMMES 2 MAICH
HELThH, 507 il bl R DR R M3 A% L VW o HsH
KTho, ZoriE, EBEHIICL - TRRTE 285
BdHY., HEZEGOEERICEE HFIhL LA
TbdH5b,

BEMI—A

INSDEA OPIE S EHRORIEZ LHET 5720, 1K
ECcEMEENL O2hrD -2 %L TE 7, (&
4-1)

2001 4E 2 B L 72 TTAEA/RCA- H I AJF i 5 #6 3 ic
W9 2 RN &I ICHT A2 N L —= 7
a—2Z] 3. RCA (7 V7 KFEHEMIBICB T 5) BE
SFHA BT B 28, BAE. W5 720 o Ml 11 )
DA TIAEA (EBBETFIEE) &3 Tirbi,
IAEA 14 % & 3 AOALE AGER & 18 Ao EP#
WD) % 13720 . SRR Oz Fik
BIOWFER B4 8, HE 2 S MY Ahbh/z,

2004 40 [TAEA/RCA BUH BRI D R 2419 & B B
THHE N =7 a—-2] b ERERO2EHELTH
KoM ATITbN, O —ZANEZHBLRT 5,

2005 fE 2B 8 L7z TKIRAMS/NIRS B AH1E < &

IAEA/RCA-NIRS Regional Training Course on “Medical
Preparedness and Medical Response to Radiation Accidents”
2001 &£8H RO 5 12 22
IAEA/RCA — I EMMSHRE I3 § 2 EFR %M & ICICE T
A L —=—>4F3—-X
IAEA/RCA Regional Training Course on “Medical
200423 A Management for Radiation Accident” 5 10 14
IAEA/RCAEHEERNDEFZMEERICA T L —Z2F
O—X
KIRAMS/NIRS Seminar on
200541 8 | “Radiation Emergency Medical Preparedness” 3 1 20
KIRAMS/NIRSEBE2#HIE<EE I F—
Seminar on
“Medical Treatment of Patients Contaminated with
aBELBEEDOARBICEATZ I F—

R4-1 HEMCHREL ZABABTRESIRECER L —Z>F0-2
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Fet 3 —1 3, BEREFHESEE (KIRAMS) &34
T, HEE T OHIE S EHRIUE 2 NGRS
fibhiz,

2005 FIZBAfiE S M7z [ o B G g B O BHIC I §
2EIF—] k. BEDPOSOKBICHKSERTNEES
O ERE LIEM DT 2T, ABENOBEIZEAR
B % 55 o 72 B0E RIS 2 TR, RIS o Bl
NORINHE R E L - 7B D5 T b7z,

| BERAL:

41 S EAHEAEZEES(20045FE38:
IAEA/RCAMSHR B O EFHNERICEATS
Wi rL—=> Y a—-X)

BHEAT:

H4-2 #HIE<EBRRTORED (2004 FE3 8 :
IAEA/RCAMSHR B O EFHNERICETS
Wi L —=2 T 3-X)

BEAL:

X4-3 EZEEE(2005F98 : atziE54E
EDBBICETEI LIS )

INFEFTA4NOAEAMFO N L —= T a—A%H
L7z THEA, ZHELEDTONMETIX, il
HEEOHFEL NVIZENR S NZ) LT, HEEOEN
WCEDMPVERESLEE 25, 2. LW EROR
BB TR AND LT EE T 2 1A
VEERD, LIAL, WThOT—AHZ#HEEDP ST
Q%2 2 T\ 5,

RERBIDVF25 L

REBE K BHOTMITHE R THATH 52 2NEIC
B 23d B A, ZEOHIIRZED T ) BAIEE
WICHIRAD L VWE DR Lo TV AHEZZZNIE, K
SHROMEE & o 72 RNE D S Mo, B 2 N%
AT B RHEIRELEZONS, iEo T,
Y EIFARENFRLIEICH725HT, EERAL Vb
RN BIFAZ LIRS, 72, ALEEE P, £H
FHERE EAESEL2OICHRTH H . FHICHA AN
LNTwb,

WEMTHBELTWAI—Z2DH ) F 2T 413, Bz
12004 4D IAEA/RCA Hil b L —= > 72— AT
(£4-2) DXHBHTarZS8THolze ZNIE. TIAEA
OHBE L L TRIIND DD, EARITIZEN
M OBIZERELIF— LA LTH 5,

CO X ITBEZ, FHEAXTRIZ L7 BE < BEHRE
HELFoTHBY., 7V T HEAEOIE S EREOM IS
K5I ELTER,

Keynote lecture — Radiation accidents and the
preparedness

Basic radiation physics with the view of radiation
protection

Basic radiation biology

The roles of IAEA

IAEA guidance in emergency preparedness and
response

Radiation detection and measurement: Presentation
and demonstration

Acute radiation syndrome: general aspects

Radiation injury to the lung, GI-tract, and skin

Radiation injury to the bone marrow and its
treatment

Local radiation injury

Late effects of radiation exposure: epidemiology on
Hiroshima and Nagasaki survivors

Cytogenetical dosimetry

Physical dose estimation

Psychological aspects of radiation accidents

Treatment of contamination

Video: Pre-hospital response in radiation
emergencies

Hospital response

Orientation for Drill

Tour of the radiation emergency handling suite and
visit to whole body counter

Drill: Handling of contaminated patients

Causes and medical response in selected radiation
accidents

Power plants: Health consequences of the Chernobyl
Accident

Treatment of ARS among Chernobyl victims

Unknown Source: Georgian accident (Lia)

Known source; Youkaichiba accident, Shanghai
accident

Pregnant (Xinzhou)

Accidents in hospitals: Poland, Costa Rica and/or
Panama

Other radiation accidents in the World, their causes,
consequences and lessons to be learned:
Goiania, Transportation accident

Radiation emergency in Samara, Russia: causes,
consequences and lessons to be learned

Radiation accident in Thailand

Criticality Accident- Tokaimura

Table-top drill  Case studies

Discussion — Selected participants present the
radiation accident preparedness of their own
country and discuss how the medical
preparedness can be implemented

Emergency preparedness and response: overview,
principles, medical response

General Discussion

£4-2 MEMTRL—=273-2707F LAl
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EEARHER (RO MR =R AR, IR RY) &, BIR
B 5 1% B 0 TR B 2 L2k 9 % BRI O RE I 1) B od 720,
R OV RS IO T 20T 0 7 7 A2 5T 5 b
DETBHIEEINTVD, ELILFETFHEERBROIE
BHIIERDOD ) FIcowT] CEK 1346 H) Tl
RAIE C ERE, HEITD NS BES D TRV D
DD, FH—FNPUBE R o728 BIIIHEORIEAR
OHND, L72ho T T BBFOREICRIET 57
DI, B S EHRICBIT B Ak & Bl 2 i 2. K <A
SN EHRE OV ETH 0 . B O
MRECER & 2 DT < R Ao W T, — kiDL E
DRI I HREEZ AT HAMEBER L, MHRLTBL
VDD B LWL S ERIZE T 5 AME RO LENED5R
RHENTWVWE, TDEIREZOTFIZ, EOFFIBK
WHBIZRITIR S & 9 IR FIIRRRESEE - st > & —
(FowoxLryim), RFNREEMey 5y — (¥
7). B RemRmns (), RORER Okf)
PEOLLZ Z T THHEHELITTo T b, TOHT,
BERHIRIRT L2320 I+ —%BEBLTEY,
Z oW E U CIIBEERF OB Otk - 3% % R L
THEFIRFIARDIBEZOERERL Z L TH 5,

REMTHEEL I — G HM) BETIEERT
By - NMRBURBETG Geatil - BCRALE \ZHE D 5 Lo
JEFTIB5 S BIARE A, MRS - LT, ®EFD
BBy - Wk, BN LA FHHCAT ) 720 IS B ik
EHMERAWICEET I EZHME L. HTHEE
Wi OFAE - BRI R o BB RBItRE (THFG, 5
). BEBOT SRHICHGETRBYICIEH T 2 RRRE K
OB RSB R (R IR ERRSEOREESE)F%

HRIFE AT > T B, NEIL 1T HEBESHIEL
BE AR & BT K EDHNIZ DOV T DD S If
F 0. B AR, BRI, BEHRRERINC
DWTOH#FEEE, 2HEIRTFUHEANIZBIT BTG
YR TOMENARDH LHE 247, 3 H HIdHSH
T8 A KR D W0 e B OV B R s 113 % B 7215 e i
FTANORICT 2 FEEH %2> T b,
BRBICER LI — G HHE) SRR
. b L3RR X 255 % ) BE OB Y
119 EREBREZNRE LT, HOOREEMMRLZE
THAIH L TORROEREZIT) 720 BB Hi#E
BEL. FUEBEBIC B 283 < BB ERKICB W T
UM R RE AL X RB I EZHMWE L, B
BE < EHRSHIS T B 5T MRk S OFTAE - BB I
DN+ BT < EHEBERE, S RBHE < BREAREI R O
REBIE B v T — 7 KBRS O - &
LR - EOPRIBCR R - BRI E S5 R R S o
E - BEHEE IR O PR AEARAL - Bl SEH0 IR BAAR & 45 2 X 51
E3MAT-> TV D, WA 1 HHEPREMIE S EHRA
il WO NGEEL, BUORREHIC O W T ok & 9
B, 2 HHICHRIC X 2 Mo #RIch &, Rk
2B B IHRBENORIEOFE & AT < ERH
BTATV, 3 H B sgiesl, FigEo X > 7 ua
VA D% & BRI E B B R MICE 2 B
TOFMEOERICHET HHLLEE 217> T b,
FAaE C EHBSTMETNE I - — G HE) g
CHBFERICB W T, BT RHEIEZITRD 5N B
SHREHINC R 2 b HE 2 B Ly 3Rl D IE LA
A O RSB AR RE S 5 BB R & A
THIEEHMWE L. EF MRS QP - BREaE
WCHDBER—NVKFT4 AT 27— TVBEHIT L ERE
RIS BT BE < FHIE AR R L4 S O R BT 55
DFEFAEF T 2 PSR 2 3 G4 1 |47 -
TWwb, WA, 1 HHEBBEIC X 2 y SEHIEO R

EPEEE, 2 H B ARSI R R & AR O R
FHE. 3 HHEINEBIE MRk HEEE, B
HimEIT->T\nh,

HEHE ML IS —ROEHE IS — 13K 14
FEEPSHAE CPR 1943 H) FTozHaiuith
ZH 568 Ay 358 A& 7o TWwab, Batd  ERKY
MET L I F— 2OV TIEFR 16 FED HFEREI N T

BY, BUEEFTHANPZHEINT VD, TNOHZH#E
PEBHBERFRS N TETF IR SR LIHEEZ L LT

WHEINTWLZ 2T HRETH 5,

TR 18FE MXRMEFE—E

A & i - WA i - WEE i - B
FEFARKERME RF ARG EPTE R BT HhREP B CRRE BT HB K EPIE RS ICHE™®
AR ERSS EAHtE*°
;;;;;tya_#ﬁm FTHA -

e BRI B

-ERE
- EBEATRA
-HETHIE & SRR NIRRT IS
HBRERE THBERIR RIS REE
ERRGRE ERRRRISRE
M ERRE KERBIIRE TSR
BLRETRGRE B LRI EIEREE
REEPTEEIRAMRE RGEPT G BV RISREE
SRR IBIE RS BEREZL Y IEBEE

BEBES &Y AR
Eo4y L RS B T

SPEEDI% v b7 —7 Y 2T LERISHEE

RRREZ2Y > JEPEE

JEBAEIRRE JHRhE R R JHRHEE 75 R B
RaWE  EREREE BREWECEREIF—*°
ERERE R —X
- ERT. BFERT. SR MAHE AT ¥ —X BRMIS<ELIF—
- R2BKE
-REFTBE F RaWE K ERERBEN RIS < EEMSHRENAE 2
cKR—IWERT 4 —HY2(WBC)I— R 7=

¥ EIEAME (FR) 1 FRNCERIMENZENIEE LWIHET Y,
2 HPIME (LAR) 3. SR G £ 2B U 2 EBRIMET Y,
K3 REEXERTNEE REROMERETT,

K4 RFHAESBRIE -MEt 2 - RFNRLEREEB. RTHIRERM > 2 - ORETT,

X5 MEREFREMERRVLEREPREL T,
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HPRFI E 7B e L Wi & GPFL D DAL
o YEEOHE - 7L ETHIRIERS O, AR
HFVT EBEATL T OEERE, ) TIkF4A
Serinus canaria & \\, BYICBETH L7 0FHTAD
BRITFEB & L QiR LR A ClbCnW 2 L 25h
bo WEHRRTE I — =2 =% —ThH b, FEITHT
DR MU TIEHNTERL DS EERTIIMEERTH %,
STIMEEWR IS T 2S5 L < A% BEw
ORIV BETRRER T I - RE RS — 4k
HEATV D, HUFHITER M IS L ) AR

HE L REIE X 255 BB & s X0 sl
5L THAICBIBHMBTHEIC R > TW5, “#HW
& AR e FE AT Rk s (M3). F 7z
Y F< A FPSREEHEORRICHELN TS, &
AV HOTIE FHEY & LTSN OIRADE
BICZITANSNBMIEICIE. BE 5 IEHORE L HK
BOH Do BFHIIFRRICBVBARNI &, BT L
TH T CIMERDSBINTHIEL L7z 2 L HEDHDH D
< Wz e, MEICERUCHEY Z2EHICEIYETE S
T LA TR L A EHAEE R IE L B R S
B EDPBIEL RO~ TH Do F BB L
PRI ZOEMR L OLFVEEIBIE EHRTH S
ELENTIE RS RV,

B LBEVEDE S MHE R T W B b DD —2 27 Tt
Kb B, THEVZITRIERKEIZL DD OVIEHE
2%\, MR T (B) 12X 27 a S EnHE

WBIEFITRZIVEEZLNLD, ¥UIZTAHILIITE
FTIOMBOLETH L, EHOBYTIIAHRD 52
RO RBICESNTTEINE O5ND I PSS, L
LGB LHIEERTRIDLREREY AL, A
CHMHFRPTBETLE o 72Figh S/ O Nk & 1H
WELETLZEIZL > TORKY LD, DAEIIZ
FEE & U T2 HGR & k2 g7 O T EEE &
EEL, 7YVT7THRIECRGREPRETLE oL ED
ORI TEIAT AEEET LI LARD LN T
b0 TV TETIEE T EITRELEOF A2 TH
Dy FRBEFIMEZROZGETHBEHRIEFH S AT
%, HEIZE) THI, 2F ) 7uTHHKTH R
BRHIIBW - HRET) OPEROFHTH S, 4
FIZAD S HETTT VT7ED L OBIT BRI T
ZHVEbLEIE, #EOIEKEE GOBE, A5, X
FFA, T4VES AV FATYTHRLD5 A EITR A,
CO XTI S BEFAAHIRESE IS L CHARISSEEE K
HTL BT VT HEIZE .

WENET V7 HIBOERMBED DO E%E
[IAEA/RCA OFHMAT 2, MEIIC2H, ZOMIZH
FRHIB LT T C& 720 ZH#HEDEINTE ). [H
ROFHOMiE sz Mo 2B 38R D 525 H
572 b OENIZRF O Mk b #ED v HA72 b ol
BRTHD b OB EH - R LEZ ], 20 %
ErLBMEZLDT, FEDOY —F =L bEAM
AT ) s & Z D ETE DR % - T D iHME D 2 #
HEHPUELDOTH B, FFFOEFTISATFICITHbI
5720 FTHERBAVHIEC BEELEML, T
DEEZNFROEOFFICH 72T AT LHMEIND
RETH 5D, oL BHWZDLONE L LVvizd, #
- I - BEA - BEEESR BN U B REE & o
MOBPEONLIEDVHEEL R L, T A A TIEE
BT C EHTIS B L CTEEAH I T & 2 il & B
LTWwb, TWEYFET IV E %Y B

_

IEAEERED. BMRID ARSI X SRR
FAICE L COREFAZMBL TS, ZOMOBITI
European Union (EU) 252 4HE (ARS) D2l &
BRICHT 20 BO7OORGEHE, KRNTHRO G
BT 2#E%1T> T b, W IICL2b0L LT
VL ALRREE E 233 7 CAT o 22T B KA D B0 T
NHBEZEILRLE2PVFET ST YT TINSETH S
HTELEREZ V. FTEFUMERLFOEILD &
D2 THRVENSH BT EHICHT 2% b bk
. BEAA G MG LA TELERES 2SS
EDE—RTH D, ZOLDODIR=-IF [TITICH
VB HIE K EHREOBAGR] ~OWATH S,
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L CRERB AT A, yIHAX@?ﬁ—ﬁ
4 & Rad51 D7 + —H A OREFIFIT—-HTLH2I L%
Bl72c Rad51 1Z HR R CTH < BETH L2005 Eh
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A, B LET BUNHIC & - THHE SN 5 DNA HEEIEFE
BT H 5 72012 NHET B4R A A 138 A 2 v
L ERLA, £ D DSBs Bz AL EAMSRT
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Ku80 (with or without Artemis) -Ligase IV/XRCC4
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