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Abstract—Traditionally, regulations, standards, codes and management systems were established after major accidents
such as Seveso Directive by Seveso accident, Italy, in 1976, etc. Also, several chemical material and process accident
databases were developed and implicated in the world. In this paper, we introduce a set of recently developed databases,
such as eMARS (EC), HSEES (USA) and PEC-SAFER (Japan), and describe current development of a chemical ac-
cident tracking system in Korea. Especially, we intensively focused on general classification codes, simplified and ef-
fective database structure, user friendly interface and intuitional searching methods. Additionally, the chemical accident
trends were analyzed by using third grade of accident casualties and property’s loss. Finally, suggestions for applicabil-
ity improvement of database are proposed. To improve the management and operability of hazardous materials and
chemical processes, the systemic approaches are essential using accident database. The developed database and sug-
gested issues in this study can perform an important function in the chemical industries.
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INTRODUCTION

A milestone in the history of process safety was the 1974 Flix-
borough explosion in the United Kingdom that caused twenty-eight
deaths, eighty-nine injuries and one hundred million dollars of loss.
Following the Flixborough explosion, interest in safety increased
not only within industries, but also in governments, international
organizations and the general public [1]. This increased interest in
the safety of chemicals and the process industry eventually led the
UK government to enact the Health and Safety at Work Act in 1974.
Then, the Seveso accident occurred in Italy, 1976. It led to the de-
velopment of Seveso Directive I (82/501/EC) to be promulgated in
1982 for the consideration of industrial major hazards. Several regu-
lations, codes and standards continued to be legislated in the fol-

Table 1. Regulations related to chemical accidents

lowing decades. For example, the Seveso Directive was revised to
the Seveso Directive II (96/82/EC) in 1996, and 2003/105/EC due
to the occurrence of significant chemical accidents in Europe. A few
regulations related to chemical accidents are listed in Table 1 [2-4].

Chemical accidents work as one of the sources for enhancement
in management of chemicals and chemical process in relevant indus-
tries. To learn from experience, international organizations such as
EU (European Union) and OECD (Organization for Economic Coop-
eration and Development) are sharing accident information, inves-
tigation reports and prevention activities by the chemical accident
database, formal discussion, etc. The management systems for chemi-
cal accidents have been used as a tool for policy making, system
improvement and release of information. Therefore, development
of the effective chemical accident database management techniques

Accident Regulations

Flixborough explosion, UK, 1974

Health and Safety at Work Act, 1974

Seveso Directive I, EC, 1982

Seveso Directive, Italy, 1976

The Control of Major Accidents Hazards Regulations (CIMAH), UK, 1984
Seveso Directive 11, EC, 1996

Control of Major Accident Hazards (COMAH) , UK, 1999

Bhopal accident, 1984

Emergency Planning and Community Right-to-Know Act (EPCRA), USA, 1986
Rotterdam Convention on Harmful Chemicals & Pesticides, 1998

Khian Sea waste disposal incident, 1986

Basel Convention, 1994

Philips explosion, Texas, USA, 1989

CFR 1910.119; PSM, USA, 1993

“To whom correspondence should be addressed.
E-mail: esyoon@pslab.snu.ac.kr

36



Development of chemical accident database: Considerations, accident trend analysis and suggestions 37

by the relevant information and systematic process methods are ne-
cessary for preventing similar accidents [1].

Chemical accident databases can improve information sharing.
In Europe, the Major Accident Reporting System (MARS) was estab-
lished to handle information pertaining to major accidents submit-
ted to the EU by its member states in accordance with the provisions
of the Seveso II Directive. On the other hand, the Process Safety
Incident Database (PSID) was developed by the U.S. in 1997 to
disseminate accidents and information on near misses in chemical
and petroleum industries by Center for Chemical Process Safety
(CCPS), AIChE in collaboration with Exxon via the Incident Report-
ing and Analysis System (IRAS). The Japanese Science and Tech-
nology Agency (JST) has developed the Relational Information Sys-
tem for Chemical Accidents Database (RISCAD) in collaboration
with Japanese National Institute of Advanced Industrial Science and
Technology (AIST). Chemical Accident Tracking System (CATS)
has been developed by the Center for Chemical Safety Manage-
ment, National Institution of Environmental Research in Korea [2].

In this paper, we introduce recent activities with respect to the
chemical accident database and their usage in the industries and
governing agencies. Then, the description of the construction of
chemical accident database, including considerations and trouble-
shoots to improve the performance of our new designed system of
the accident DB, will be provided. Also, statistical analysis is per-
formed based on the three grades of accidents (near miss, incident
and accident) to identify chemical accident trends. Finally, a man-
agement system for adequate application of the database is going
to be suggested.

1. Recent Notable Databases

Many chemical accident databases have already been developed
by international organizations and nations. MARS (EU), RISCAD
(Japan), and PSID (USA) are well known, with several works, re-
ports and papers describing them. In fact, our previous paper com-
pared their differences, advantages and disadvantages [5]. In this
regard, we will introduce the following recent databases that are
less well known: eMARS, HSEES and PEC-SAFER.
1-1.eMARS

As mentioned in the introduction, the EU developed MARS and
uses it for information sharing according to Seveso Directive I1.
Recently, the Major Accident Hazard Bureau (MAHB) established
new strategies for applying MARS. They developed eMARS based
on the intemet interface. It can be accessed via http://emars.jrc.ec.
europa.ev/. MAHB focused on the simplification of system and in-
formation open to the public as follows.

« Simplification of reporting and searching functions by use of
a single MARS report form and internet application (reduction from
over 200 fields of MARS 4.2 down to 60 fields)

* Wide dissemination of information through a password-pro-
tected internet site for authorities and a publicly available site for
the general public

* Easy searching

+ Easy reporting through a password-protected internet site

* Simplification of the structure of MARS and separation of “con-
fidential” from non-confidential information
1-2. Hazardous Substances Emergency Events Surveillance (HSEES)

The hazardous substance emergency events surveillance (HSEES)
was established in 1989 by the Agency for Toxic Substances and

Disease Registry (ATSDR) in USA. In an attempt to describe the
morbidity and mortality experienced by employees, first respond-
ers, and the general public that result from hazardous substances
emergencies, a surveillance system has been developed which is
currently implemented in 15 states: Alabama, Colorado, lowa, Lou-
isiana, Minnesota, Mississippi, Missouri, New Jersey, New York,
North Carolina, Oregon, Texas, Utah, Washington, and Wisconsin.
The components of the surveillance system consist of data collec-
tion, data management, data analysis, and regular dissemination of
reports to promote strategies to reduce morbidity and mortality.

For consistency in data collection and ease of analysis, ATSDR
created a web-based data entry system around January 1, 2000. The
web-based application provides an easy way to enter data for quali-
fying acute releases into a centralized computer database. The de-
tailed information and searching of HSEES database can be accessed
via http://www.atsdr.cdc.gov/hs/hsees/. Also, The ATSDR published
annual accident reports that contain analysis of the database [7].
1-3.PEC-SAFER in Japan

The Japanese Ministry of Economy, Trade and Industry announced
an interim report for industrial accident inspection in 2003. In this
report, the main idea suggested improving safety and security in
the petrochemical industries. It recommended safety education, shar-
ing of accident information and management system as major means
to improve safety. It took three years to develop PEC-SAFER, start-
ing from 2005. The main purpose of the PEC-SAFER is to store
data about safety activities, which consist of near miss, accident
information, safety education materials, process safety and construc-
tion management. The database can be accessed by internet inter-
face. The detailed information and searching of PEC-Safer database
can be accessed via http://safer.pecj.orjp/. It is only serviced in Japa-
nese.

PEC-SAFER contains near miss and accident information includ-
ing explanation of accident, equipment, cause of accident (direct,
indirect), cause of accident propagation, prevention method, lessons,
and comments of expert. A total of 285 cases of near miss and 250
cases of accident are listed in the database.

2. Development of Database and Tool

For the development of chemical accident tracking system in Korea,
we proposed classification codes of chemical accidents and devel-
oped a simplified prototype of system in our recent works. Also, at
the initial stage of research, 2115 cases of chemical accident data
in Korea over the last 20 years have been gathered and classified
accordingly [6]. As mentioned earlier, the existing databases have
disadvantages such as different classification codes and type of col-
lected accidents (major pollution accident, environment accident,
etc.), scope of accident (industry type, fixed facility, transportation,
accident materials and cause and propagation of accident) and less
user friendly interface. Meanwhile, the eMARS has recently been
revised to improve user friendliness in the interface.

In this paper, we intensively focused on describing our develop-
ment in the aspect of general classification codes, simplified and
effective database structure, user friendly interface and intuitional
searching methods.

2-1. General Classification Codes

The classification codes consist of 12 upper, 66 middle and 365
lower codes. They benchmarked similar codes such as those from
MARS, RISCAD, and NRC. Also, to improve generality of codes,
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Table 2. Summary of the classification codes by time table of
accident

Time table Contents (Upper codes)

Industry (1), Facility (2), Weather informa-
tion (3), Location (12)

Cause (4), Activity (5), Involved materi-
als (6)

Damage of accident Damage (8), Affected area (9)

Early action (10), Late Action (11)

Accident situation

Detail information

Countermeasure

311 events in National Institute of Environmental Research (NIER),
Korea were applied. Classification with selected events resulted in
the revision of codes and update to increase the accuracy and data
coverage capacity. The classification codes are divided into four
categories as listed in Table 2. It expresses the procedure of acci-
dent reporting and investigation. The detailed information is described
in our recent paper [6].

2-2. User Friendly Interface

It is difficult to use reporting, searching and analysis interface of
existing databases. For example, the RISCAD database has too many
input data that are intended to be entered manually. Also, the searching
tools need support for advanced query such as conditional searches.
It requires experts who are individuals of sense or know classifica-
tion codes.

In CATS, the user interface and operating modules consist of five
parts. They are data input module, list up module, data searching
module and data statistics/analysis module, as shown in Fig. 1. Here,
the detailed specifications and information of each module are de-
scribed in our previous paper [6]. It was made for Koreans, but it
can be easily translated into English, as shown in Fig. 1(b), because
it follows the standard format in international accident databases.

To improve the every-day use environment of user friendly inter-
face, a user test and survey were carried out targeting 12 experts in
universities, governments and industries. The result of the survey is
presented in Table 3. These suggestions for improvement of the data-
base were reflected to the current developed of our system. Truly,
the user friendly interface test needs more user tests for the public.
Since the current version of the database has considered the intu-

Table 3. The result of user interface test and survey
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Fig. 1. Interface of developed program.

itional searching method, it also improves user performance.
2-3. Simplified and Effective Database Structure

To improve its operation, the database was developed by using
the entity relationship diagram as shown in Fig, 2. Table 4 lists con-

. Very Not . .
Questions Excellent o00d Good bad Bad Suggestions solutions
Function of detail view and 5 7 0 I Visualization of hierarchical accident information
DB list report print modification of interface of system
module i i i i
Editing of reported data 3 6 0 | No. of a.cmde.nt list expression of No. of accident
by classification code
. Accident search 2 5 1 1 Help function required added
Searching — - - - - -
module Statistical analysis and graphics 3 5 ) Variety of expression of charts add function of DB
based on the searched results export data to excel
Statistical . . . Download statistical data add function of DB export
. Statistical analysis and graphics 1 6 1 1
analysis data to excel
Data input  Accident information input 1 7 0 ) Accident image modification of interface of system

(add accident image and accident map image)

January, 2012
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Table 4. Contents of entity relationship diagram

39

Name of entity Contents Description

Department Information of department Name and code of department

LoginInfo Information of log-in ID Log in ID, password, etc.

CatsSCode Lower classification codes ID, lower classification codes, related high class codes (middle, upper)

CatsMCode Middle classification codes ID, middle classification codes, related high class codes (upper)

CatsLCode Upper classification codes ID, upper classification codes

AccidentsMSDS  Involved material information CAS No., accident ID

AccidentInfo Detail information ID, name of accident, date, address, damage, reporter, update date, phone
number, weather information, etc.

AccidentsCats Given classification codes by accidents ~ Accident ID, Code ID

MSDS MSDS (CAS No.) ID, CAS No., name, etc.

UserInfo User information Log-in ID, name, phone number, address, e-mail, etc.

ZipCode Information of address ID, address classification codes

AccidentFile Attached files, reference ID, accident ID, files, etc.

tents of the entity relationship diagram. In software engineering, an
entity relationship model (ERM) is an abstract and conceptual repre-
sentation of data. Entity-relationship modeling is a database model-
ing method used to produce a type of conceptual schema or semantic
data model of a system and its requirements in a top-down fashion
[8]. Using this entity relationship diagram, the database searching
and statistical analysis can be done easily.
2-4. Intuitional Searching Method

As mentioned above, the existing database and tools require many
conditions and several steps to search information of accidents or

statistical analysis. To avoid such complexities, we developed two
types of search engines. They are word matching and code match-
ing engine, like the advanced search in Google. The word match-
ing engine was introduced in our last paper [2]. Here, we introduce
code matching engine by “AND” and “OR” query expressions. Users
select items among classification codes and add them to search con-
ditions. Then, search conditions comprise a searching table for the
data parsing. Also, an individual data set is categorized by classifi-
cation codes (upper classes, middle classes). Finally, the merged
data are presented as a chart or table and are exported to a statistical

AccidentCats -
¥ Accident ID StatsList e
CatsMCode R Acciden oy Statsll { Userfasthority o
¥ Middle class code o . . o . ~
- Order Accident name ¥ Log-inID v DD
¥ Upper class code e . . .
- Date-initial Modification Accident name
Middle class name
g Date-end Enter Date
, PO f Query ID Delete Address
% Ealsl_'[nde Chemical Detail address
il % Upper class code Address J Death
CatsSCod: L Upper class name Statistic ID oxf I_ - =0 Injury
¢ Lowclass ID T Order Statistic type ID ?g nL:: :n D Etc.
Low class code Search ID . Pasgsword Registrant
Low class name Search ID-initial Affiliation Report date
Middle class code ’:""‘”“""‘ Search [D-end Elapsed time
Upper class code ¢ D Institute e 5 Reporter
Accident ID Param1 - Institute
File name _—— Param?2 Userlnfo - Tell
0 Param3 ¥ D Tel2
Department . Param4 Log-in ID Temperature
7 Department code Institution = Param$ Name Rainfall
Department name ? D Search list name Tel number Direction ofthe wind
Name Search type ID Cell phone Windl ‘:310(.‘“}'
Registration date .f\ddre_ss Humidity
- ) Log-in ID E-mail Loss of assets
- AccidentInfoType =] Chart parameter Identification NO. % Damage
" ID 7 D Institute [D Chemical material
CAS No. e Employee ID NO. Reference
Korean name Order - 1 | History ID
English name ZipCode - = Version
Flammability 7 ID Status ID
Toxicity i City AccidentCode Reistriti
— ity code ~ . egistration date
Manufacturer KR Province code R Accident ID Summary
? CAS No. cit ¥ Upper class code :
== . N Ay name
- ¥ Accident ID ’ Code

Province code

Fig. 2. Entity relationship diagram of developed accident database.
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Table 5. Chemical accident trends in detail between 2000 and 2007

Type Equipment 1 Grade 2" Grade 3" Grade

Fire Transportation 6 27.3% 6 27.3% 10 45.5%
Tank 13 20.0% 25 38.5% 27 41.5%
Heat exchanger 5 27.8% 2 11.1% 11 61.1%
Separator 0 0.0% 57.1% 3 42.9%
Pipe 2 12.5% 3 18.8% 11 68.8%
Reactor 3 33.3% 3 33.3% 3 33.3%
Etc 6 16.7% 15 41.7% 15 41.7%
Total 35 20.2% 58 33.5% 80 46.2%

Explosion Transportation 1 11.1% 3 33.3% 5 55.6%
Tank 2 4.8% 26 61.9% 14 33.3%
Heat exchanger 0 0.0% 2 50.0% 2 50.0%
Separator 1 50.0% 1 50.0% 0 0.0%
Pipe 0 0.0% 5 62.5% 3 37.5%
Reactor 1 14.3% 4 57.1% 2 28.6%
Etc 2 20.0% 5 50.0% 3 30.0%
Total 7 8.5% 46 56.1% 29 35.4%

Release Transportation 0 0.0% 5 8.5% 54 91.5%
Tank 3 10.7% 4 14.3% 21 75.0%
Heat exchanger 0 0.0% 0 0.0% 1 100.0%
Separator 0 0.0% 0 0.0% 1 100.0%
Pipe 2 5.3% 6 15.8% 30 78.9%
Reactor 0 0.0% 1 100.0% 0 0.0%
Etc 1 16.7% 1 16.7% 4 66.7%
Total 6 4.5% 17 12.7% 111 82.8%

program (e.g., Excel).

To improve a user’s usage, frequently visited items are listed in
the statistical analysis. Examples include most frequently used chem-
icals in 10 years, number of events, loss from damage, death, and
injuries according to upper classification codes. Also, a user’s search
condition can be stored in database and reused with or without modi-
fication.

3. Chemical Accident Trends Analysis

Several regulations, standards, codes and protocols were estab-
lished and revised as results of serious accidents in the world as men-
tioned earlier. In addition, research and investigation reports are an-
nounced; results of the paper led to improved safety of chemical
industries by developing a database of accidents, new risk assess-
ment methods, safety reviews, best practices and education. Here,
one of the methods is an analysis of chemical accident trends. In
various studies, it has been demonstrated that there is a relationship
between the numbers of near misses, minor incidents and major
accidents. This is also shown in the Bird and Germain Pyramid [9].

To study chemical accident trends, Park et al. [10] suggested three
grades of accidents according to casualties and property loss. The
first grade accident is defined as an incident causing more than 5
deaths, or 10 serios injuries, or property loss worth 500 million won
($500,000). The second grade accident is defined as one causing
between 1 and 4 deaths, or 2 and 9 injuries, or 100 and 500 million
won ($100,000~$500,000) property’s loss. Any other incidents caus-
ing less damage to people or property are defined as third-grade
accidents [10].

January, 2012

Not enough material for statistical analysis has been collected
yet, especially up to the 1980’s. Most of data have been missing
since the chemical accident reporting system had not been working
well in Korea. To study accident trends based on the Park’s three
grades, we used an accident database from 2000 to 2007, which
consists of 389 cases.

Most of the results show similar relationship as in the Bird and
Germain Pyramid, except the case of explosion as detailed in Table
5. Especially, second-grade accidents have most frequently occurred
in tanks, pipes, and reactors. Also, most of the release accidents are
third-grade accidents. In addition, the transportation in equipment
categories makes up more than 50 percent. Furthermore, release
accidents took up few histories in first-grade accidents because the
environmental effects are not considered as damage loss. Lastly,
we can know that car accidents for the transportation of chemicals
in the urban and rural sites are frequent, which is more than half of
the transportation-release accidents.

4. Suggestions for Improved Applicability of Accident Data-
base

International organizations (e.g., OECD, UNDP) of developed
countries managed chemical accidents using database systems. In
addition, they have systemic procedures for chemical accident inves-
tigation, collecting and distributing chemical accidents. For example,
MARS gathered accident data including near misses and major ac-
cidents from OECD member nations based on the Seveso Direc-
tive II. All data were progressively reviewed for redistribution. Re-
cently, MARS started to be serviced by the intemet. RISCAD, which
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is operated by Research Institute of Science for Safety and Sustain-
ability (RISS) in AIST of Japan, gathers data from media and acci-
dent reports. It provides information based on the internet. However,
they did not use accident data for suggestion of policies or recom-
mendations. In the USA, the Chemical Safety and Hazard Investi-
gation Board was organized to investigate chemical accidents. They
have completed 64 cases and ongoing 17 cases since 1990. CSB
(Chemical Safety Board) operates as an independent organization.
They issue recommendations against government organizations.

Therefore, to improve applicability of the database, several issues
need to be considered and developed by combined efforts of gov-
ernment, universities and industries. Especially, the following three
issues need to be resolved.

Accident investigation committee: For effective accident inves-
tigations and recommendations, an independent committee needs
to be organized. Actually, several government agencies have made
accident investigations and then shared the results. However, the
scope was different and the results did not gather well. It is hard to
effectively analyze accidents in the current manner. The committee
is essential.

Expansion of database including near miss: Accidents and major
accidents happen after several times of near misses in industries.
Also, the analysis of near miss is essential to find an underlying cause
of accidents.

Regular update of chemical accidents and distribution of dataset:
The key point of database is regular updates to maintain new records.
In order to keep it fresh, the manager of the database needs to gather
and update frequently. One of the methods is upgrading database
system based on the internet like eMARS.

Above three issues are essential for timely database maintenance
and effective management of chemical accidents.

CONCLUSION

Several regulations, standards, codes and protocols were estab-
lished as a result of serious accidents in the world. Also, a chemi-
cal accident database, new risk assessment method, safety review,
best practice and education are suggested to improve safety, man-
agement system and operability in chemical industries. Especially,
several chemical accident databases were developed by international
organizations and countries, such as MARS (EC), RISCAD (Japan)
and PSID (USA), etc. As discussed in this paper, several databases
were recently upgraded from standalone system to internet based
system and integrated with several safety databases (education, safety
activities, chemical properties, and management of process, etc.).

The current status of the accident database in Korea is the result
of development for three years using 20 years of chemical accident
data. In this paper, we focused on the considerations and trouble-
shooting to improve performance and to handle matters relevant to
the accident database. To enhance the database’s usage and effi-
ciency, the database needs to consider general classification codes,
simplified and effective database structure, user friendly interface

and intuitional searching methods.

The statistical analysis is performed to understand accident trends
in process industries using third grade of accident classification using
casualties and property loss. As a result, we know that explosion
accidents and chemical material release accidents have different
trends compared to the well-known accident pattern. The middle
level of accidents frequently occurs because the explosion and haz-
ardous material release is more severe when it occurs. This result
justifies the regulations and safety system for hazardous materials
and chemical processes.

Finally, in this paper, we suggest three issues for applicability
improvement of the database. It is an organization of chemical ac-
cident investigation committee, expansion of database and regular
update of chemical accidents and distribution of dataset. To improve
management and operability of hazardous materials and chemical
processes, systemic approaches are essential in using the chemical
accidents database. The developed database and suggested issues
in this study can perform an important function in the chemical in-
dustries and support improving their sustainability.

ACKNOWLEDGEMENT

This paper was supported by the Engineering Research Institute
and ASRI (Automation and Systems Research Institute) in Seoul
National University.

REFERENCES

1. Center for Chemical Process Safety (CCPS), Inherent safer chemi-
cal process: A life cycle approach, second edition, Wiley & Son, Inc.
(2009).

2. David T. Allen and David R. Shonnard, Green engineering: Envi-
ronmentally conscious design of chemical processes, Prentice-Hall
Inc. (2002).

3. Center for Chemical Process Safety (CCPS), Guideline for chemi-
cal process quantitative risk analysis, second edition, American Insti-
tute of Chemical Engineering (2000).

4. D. A. Crowl and J. F. Louvar, Chemical process safety: Fundamen-
tals with applications, second edition, Prentice-Hall Inc. (2002).

5. K. S. Han, W. So, S. J. Choi, N. Jang, Y. Yoon and E. S. Yoon, Proc.
of World Conference on Safety of Oil & Gas Industry, 654-671, Col-
lege Station, USA (2008).

6. N. Jang, K. Han, J. Koo, Y. Yoon, J. Yong and E. S. Yoon, J. Chem.
Eng. Jap., 42(10), 742 (2009).

7. Division of Health Studies, Agency for Toxic Substances and Dis-
ease Registry, Hazardous Substances Emergency Events Surveil-
lance (HSEES) Protocol (2004).

8. http://en.wikipedia.org/wiki/Entity-relationship_model.

9. F.E. Bird and G L. Germain, Practical loss control leadership, New
York: American Management Associations, Inc. (1969).

10. K. S. Park and J. Y. Kim, Korean J. Chem. Eng., 18(3), 285 (2001).

Korean J. Chem. Eng.(Vol. 29, No. 1)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


