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EDITORIAL
By Prof. Dimosthenis Sarigiannis, MEASEP President
The 20th Symposium was meant to celebrate the 40 years of MESAEP, a track
record that makes MESAEP the oldest scientific society catering for the environment
in the region. The main topic of the 20th MESAEP symposium was climate change,
its impacts on the Mediterranean Region and how to adapt and/or mitigate it.
Participation and interest were very large by the whole Mediterranean scientific
community and beyond. And then, SARS-CoV-2 stroke.
Originally, we rescheduled the Symposium from the Spring to the Fall of 2020
hoping that the pandemic would have been controlled by then; when we realized that
this would not be the case, we transformed the Symposium to a fully virtual event
that took place on October 26-27, 2020. Participation was high, with more than 200
papers from across the Mediterranean, presented in oral and poster form. In fact, the virtual character of the 20 th
Symposium of MESAEP facilitated many of our colleagues to present their work and allowed us to appreciate the
high level of innovative, environmentally and socially relevant work that is being done across the Mediterranean
basin.
The symposium built upon the series that began in Athens in 1981 and followed by others nineteen biannual
Symposia organized in various countries of the Mediterranean Region to provide a forum for scientists, engineers,
decision and policy makers to meet and discuss the latest developments in the research field related to control and
preservation of natural resources, protect the environment and human health and combat pollution and climate
change. An important benefit of these conferences has been to encourage interactional collaboration between
researchers in order to advance the frontiers of these fields.
The overall aims of the MESAEP Symposia are:
•
to bring together its members and other interested persons from all scientific disciplines, of politics and
economics to examine the current problems of environmental protection in the Mediterranean region. They
investigate solutions to these problems on regional, national and international basis. For this purpose MESAEP
makes critical appraisals of the problems concerning the protection of man, animals and plants in the Mediterranean
region from harmful effects of chemicals and physical agents, both natural and manmade.
•
to give suggestions and recommendations concerning environmental quality and safety so as to enable
the regulatory bodies of the various Mediterranean Countries to make proper decisions regarding the evaluation
of safety of chemicals and physical agents.
•
to provide a forum for interested individuals from the field of the environmental sciences carrying out
research related to chemical contamination and the other sources of pollution in the Mediterranean environment,
and also those in environmental economics and politics.
For this purpose, the association considers all the problems concerning the protection of life in the region
from harmful effects of chemical and physical agents, both natural and man-made. Regulatory bodies in the
Mediterranean regions are supported and advised by MESAEP to make proper decisions for improvements in
environmental quality and safety.
The focus of the 20th Symposium was on " Climate change impacts on the environment and human: threats
and opportunities for sustainable development ". This Special Issue presents a collection of the papers presented
at the 20th MESAEP Symposium. The main themes covered in this book include:
1. Climate change mitigation and air pollution abatement – including the ICARUS project special session
2. Environmental and health inequities - socio economic determinants of exposure
3. Sustainable natural resources and waste management
4. Environmental health and well-being
5. Indoor and outdoor air pollution
6. Water and soil pollution and control
7. Ecotoxicity and biodiversity
8. Energy, environment and sustainability
9. Environmental economics, policy and education
10. Natural and man-made environmental disasters
11. New and emerging technologies for environmental and health applications
12. Various environmental themes
A large part of the scientific contributions of the MESAEP community to the 20 th Symposium focused on
environment and health questions, including environmental and health inequalities and the socio-economic
determinants of exposure, as well as new and emerging technologies for environmental and health applications. A
special part of the Symposium focused on climate change mitigation and air pollution abatement in the quest to
explore win-win solutions to these problems. This special session was organized in collaboration with the ICARUS
8258
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consortium, funded by the European Commission’s Horizon 2020 framework programme for research and
innovation. Other sessions of interest focused on traditional MESAEP themes, such as indoor and outdoor air
pollution, water and soil pollution and control, environmental economics, policy and education and other various
environmental themes.
The scientific contributions to the 20th MESAEP Symposium were overall of high caliber and explored very
pertinent environmental and societal questions to which modern day science strives to produce a comprehensive
evidence basis. Going through the special issue you will have the opportunity to realise that the MESAEP
community produces very relevant research results that address some of the most important questions regarding
environment, sustainability and life quality in the region. Significant effort is also being made to render these
findings usable by policy makers to promote evidence-based policy making in environmental and life quality
protection. I hope that you will find this abstract book interesting to read and that you will appreciate the work
done by scientists in the Mediterranean and the rest of Europe in this regard.
The Symposium was organized in collaboration with the Institute of Advanced Study in Pavia, Italy; Aristotle
University of Thessaloniki, Greece; Politecnico di Torino, Italy; Akdeniz University and Technical University of
Istanbul, Turkey; Helmholtz Zentrum München, Germany; Public Health England United Kingdom; and the
ICARUS H2020 Project consortium.
I would like to take this opportunity to thank the Conference Organising Committee, the International Scientific
and Advisory Committee and the Editorial Panel for their invaluable advice. The smooth implementation of the
paper review process was only possible because of the timely responses from a large number of external reviewers.
Most of all, I would like to express my sincere thanks to all the researchers who have contributed to the success
of this conference and the scientific work of whom made this special issue feasible. Many thanks are due also to
the all the members of the Executive Committee of MESEAP for their outstanding work and close collaboration
during the preparation of this volume.
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SESSION 1
CLIMATE CHANGE MITIGATION AND AIR POLLUTION
ABATEMENT –
TOWARDS WIN-WIN SOLUTIONS (ICARUS SESSION)
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7KLV UHVHDUFK ZDV FDUULHG RXW LQ WKH FLW\ RI
(U]XUXP ZKLFK LV ORFDWHG RQ D KLJKODQG DERYH
PLQ(DVW$QDWROLD5HJLRQRI7XUNH\>@,QWKH
VWÕG\ WKH HIIHFWV DQG SHUFHSWLRQ SDWWHUQV RI FROG
VWUHVV RQ SHRSOH WULHG WR EH GHWHUPLQHG WKURXJK D
TXHVWLRQQDLUH VXUYH\ ZKLFK ZDV FRQGXFWHG LQ D
GHQVHO\XVHGFRPPHUFLDODQGUHFUHDWLYHDUHDRIWKH
FLW\RFFXSLHGZLWKFDIHVDQGUHVWDXUDQWV,QDGGLWLRQ
WR VXUYH\ UHVXOWV 3K\VLRORJLFDOO\ (TXLYDOHQW
7HPSHUDWXUH 3(7  YDOXHV ZHUH FDOFXODWHG XVLQJ
5D\0DQ0RGHODQGPHWHRURORJLFDOYDOXHVPHDVXUHG
QHDU WKH VXUYH\ SRLQW WR FRPSDUH SUHVHQW FRPIRUW
UDQJHV DQG WKHUPDO SHUFHSWLRQ RI SHRSOH VXUYH\HG
3(7YDOXHVREWDLQHGZHUHPDWFKHGZLWKWKHFRPIRUW
OHYHOVRIWKHLQGLYLGXDOVDQGWKHUHODWLRQVKLSEHWZHHQ
WKHVHYDOXHVWULHGWREHGHWHUPLQHG$VDUHVXOWRIWKH
VWXG\ LW ZDV IRXQG WKDW DOO FRPIRUW LQWHUYDOV DUH
GLIIHUHQWVXQOLJKWGLUHFWO\DIIHFWVWKHFRPIRUWYDOXH
DQG WKH SHUFHLYHG DQG FDOFXODWHG 3(7 YDOXHV DUH
GLIIHUHQW$VDUHVXOWRIWKHVWXG\LWZDVFRQFOXGHG
WKDW ZLWK WKH LPSURYHPHQW RI WKHUPDO FRPIRUW
FRQGLWLRQV RI SHRSOH RXWGRRU WKH\ SUHIHU WR XVH
RXWGRRUVSDFHVORQJHU



DQG QDWXUDO HFRV\VWHPV $PRQJ WKH PRVW REYLRXV
LPSDFWRIFOLPDWHFKDQJHLVWKHFKDQJHGIUHTXHQF\
OHQJWKVHYHULW\ H[WUHPLW\ DQGWLPHRIKHDW±FROG
ZDYHV>@ZKLFKPD\KDYHGLVDVWURXVLPSDFWVRQ
KXPDQV
&LWLHVDUHWKHDUHDVSHUKDSVWKHPRVWDIIHFWLQJ
DQG DIIHFWHG E\ FOLPDWH FKDQJH HYHQ WKRXJK WKH\
RQO\FRYHUDERXWRIHDUWK¶VODQGVXUIDFH>@81
VWDWHVWKDWXUEDQDUHDVDUHLQKDELWHGE\PRUHSHRSOH
WKDQWKHLUUXUDOFRXQWHUSDUWVZLWKRIJOREDOSRS
XODWLRQ LQ  RQH LQ HLJKW RI ZKLFK OLYHV LQ 
PHJDFLWLHV ZLWK  PLOOLRQ DQG DERYH LQKDELWDQWV 
EHLQJSURMHFWHGWRLQFUHDVHIURPLQWR
E\ 81'(6$ DURXQGRQHLQHLJKWOLYH
'HSHQGLQJRQWKHLQFUHDVLQJXUEDQSRSXODWLRQUDWH
FLWLHVKDYHJDLQHGLPSRUWDQFHQHYHUVHHQEHIRUHDQG
WKXVVHHNLQJIRUIXQGLQJIRUVXSSRUWLQJILQGLQJVWR
GHYHORSQHZVWUDWHJLHVWRLQFUHDVHKXPDQTXDOLW\RI
OLIH OLYHDELOLW\ DQG SXEOLF KHDOWK DUH FRQVLGHUDEO\
LPSRUWDQW IRU DOO PDMRU PHWURSROLWDQ  FLWLHV LQ WKH
ZRUOGQRPDWWHUZKHUHWKH\DUHORFDWHG
8UEDQDWPRVSKHUHLVZDUPHUGULHUDQGFDOPHU
OHVV ZLQG\  FRPSDUHG WR UXUDO DUHD GXH PDLQO\ WR
XUEDQKHDWLVODQGHIIHFW 8+, ZKLFKLQWHQVLILHVGH
SHQGLQJRQFOLPDWHFKDQJH>@$VDUHVXOWRIVXFK
FRQGLWLRQVXUEDQGZHOOHUVIDFHXQFRPIRUWDEOHWKHU
PDOVLWXDWLRQVGXHWRLQFUHDVHGKHDWPRUHIUHTXHQWO\
FDXVLQJSK\VLFDODQGPHQWDOLOOQHVVHVDQGHFRQRPLF
ORVVHV %LRFOLPDWLF HYDOXDWLRQ RU GHWHUPLQDWLRQ RI
WKHUPDO FRPIRUW FRQGLWLRQV RXWGRRU  WR DVVLVW GHFL
VLRQPDNHUVWRSURYLGHFRPIRUWDEOHXUEDQHQYLURQ
PHQWLVDQLPSRUWDQWVWXG\DUHDIRUGLIIHUHQWILHOGV
HJXUEDQDQGODQGVFDSHGHVLJQWRXULVPUHFUHDWLRQ
HWF>@
$OWKRXJKWKHWKHUPDOFRPIRUWVWXGLHVDUHJHQ
HUDOO\ FRQGXFWHG WR GHWHFW WKHUPDO VWUHVV OHYHO
DJDLQVWKLJKHUWHPSHUDWXUHFRPELQHGHIIHFWRIRWKHU
FOLPDWLFYDULDEOHVFROGFLWLHV RUZLQWHUFLWLHV DOVR
QHHG VXFK VWXGLHV WR PDNH GHFLVLRQVRQ VSDWLDO GH
VLJQV DQG VRFLRHFRQRPLF GHYHORSPHQW VWUDWHJLHV
)RUWKHGHWHUPLQDWLRQRIKXPDQELRFOLPDWLFFRPIRUW
FRQGLWLRQV UHSUHVHQWHG E\ RQO\ RQH LQGH[ YDOXH
VRPHW\SHVRILQGLFHVKDYHORQJEHHQXVHGDOORYHU
WKH ZRUOG FRQVLGHULQJ VRPH YDULDEOHV HJ FOLPDWLF
HOHPHQWVRUDGGLWLRQDOIDFWRUVRQFOLPDWLFHOHPHQWV
ZRUN ORDG FORWKLQJ LQVXODWLRQ HWF  ,QGH[ YDOXHV
FDOFXODWHG QHHG WR EH FDWHJRULVHG WR ILQG WKHUPDO
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7KHUPDO &RPIRUW 3K\VLRORJLFDOO\ (TXLYDOHQW 7HPSH
UDWXUH 3(7 5D\0DQ0RGHO(U]XUXP7XUNH\
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6LQFHWKHEHJLQQLQJRIDQWKURSRJHQLFDFWLYLWLHV
DQGWKHLUXQSUHFHGHQWHGLQWHQVLILFDWLRQZLWKWKH,Q
GXVWULDO 5HYROXWLRQ HPLVVLRQ RI JUHHQKRXVH JDVHV
DQG SDUWLFOHV LQWR DWPRVSKHUH KDYH FDXVHG JOREDO
ZDUPLQJDQGFKDQJHVLQFOLPDWLFFKDUDFWHULVWLFV,Q
WKHVSHFLDOUHSRUWRIWKH,QWHUJRYHUQPHQWDO3DQHORQ
&OLPDWH&KDQJH ,3&& *OREDO:DUPLQJRI&
>@LWLVHVWLPDWHGWKDWVRIDUKXPDQDFWLYLWLHVKDYH
FDXVHGQHDUO\&RI JOREDO ZDUPLQJ DERYHSUH
LQGXVWULDOOHYHOV LQDUDQJHRI&WR& ZKLFK
LV OLNHO\ WR UHDFK & EHWZHHQ DQG DW
WKH FXUUHQW UDWH $OO WKH LPSDFWV RI FOLPDWH FKDQJH
WRGD\DWWUDFWWKHDWWHQWLRQVDOORYHUWKHZRUOGEHFDXVH
RI WKHLU GHWHULRUDWLRQV DQG KDUPV RQ SXEOLF KHDOWK
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)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

VWUHVVOHYHORIKXPDQVLQWKLVUHJDUGWKLVFDWHJRULVD
WKHDSSOLFDELOLW\RIWKHVHFDWHJRULHVLQDZLQWHUFLW\
WLRQ RI WKHUPDO VWUHVV OHYHOVDQG LWV LQGLFDWRUV PD\
XVLQJERWKTXHVWLRQQDLUHDQGDFWXDOWKHUPDOFRPIRUW
FKDQJHGHSHQGLQJRQWKHVWXG\DUHDVLHLWPD\GLIIHU
YDOXHVFDOFXODWHGXVLQJ3(7LQWKHH[DPSOHRI(U]X
IRUH[DPSOHIRU(XURSHWURSLFVRUFROGFLWLHV>@
UXPFLW\
6LQFH LQ WKH ELRFOLPDWLF DQDO\VHV LQGH[ YDOXHV DUH

FDWHJRUL]HG SUHGHILQHG ³WKHUPDO FRPIRUWUDQJHV´

7DEOH XVLQJWKUHVKROGYDOXHV>@IRUDGHILQHG
0$7(5,$/6$1'0(7+2'6
UHJLRQLWPD\QRWVXLWRWKHUSODFHV,QDVWXG\>@

FRQGXFWHG RQ WKH FROGHVW 7XUNLVK FLWLHV (U]XUXP
6WXG\DUHDGDWDDQGFDOFXODWLRQ7KHVWXG\
ZKLFKLVDOVRWKHVWXG\DUHDRISUHVHQWVWXG\RQHRI
DUHDLVFKRVHQWREHWKHFLW\RI(U]XUXPLQQRUWKHDVW
WKH PRVW SRSXODU WKHUPDO FRPIRUW LQGLFHV 3K\VLR
RI7XUNH\ 1DQG(75$1876,,5H
ORJLFDO (TXLYDOHQW 7HPSHUDWXUH ± 3(7 LQGH[
JLRQ)LJXUH ORFDWHGDWDFKDQJLQJDOWLWXGHIURP
>@ZDVXVHGIRUWKHDVVHVVPHQWRIFROGFRQGL
PWRPLQWKHFLW\FHQWHU3RSXODWLRQRI
WLRQVWRJHWKHUZLWKWKHFDWHJRULHVJLYHQLQ7DEOH
WKHFLW\LV>@,WKDVKDUVKFRQWLQHQWDOFOL
$VWKHUHVXOWRIWKHVWXG\ZLQWHUSHULRGLVVHHQWREH
PDWHFKDUDFWHULVWLFV/RQJWHUP\HDUO\DYHUDJHWHP
XQGHUWKHHIIHFWRIH[WUHPHO\FROGVWUHVVHYHQWKRXJK
SHUDWXUH LV & WHPSHUDWXUH H[WUHPHV í&
SHRSOHLQJUHDWPDMRULW\OLYHKDSSLO\LQWKHDUHD7KDW
DQG &  UDLQIDOO LV  PP DQG UHODWLYH KX
VWXG\VXJJHVWHGWKHUHRUJDQL]DWLRQRIWKHVHFDWHJR
PLGLW\LVRQ\HDUO\EDVLV3UHYDOHQWZLQGGL
ULHVEXWVRPHTXHVWLRQQDLUHVVKRXOGEHFRQGXFWHGWR
UHFWLRQVDUH(1(LQVXPPHUDQG:6:LQZLQWHU
GHILQHWKHP7KHDLPRIWKHSUHVHQWVWXG\LVWRWHVW
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7$%/(
4XHVWLRQQDLUHVXUYH\




3(7 YDOXHV ZHUH FDOFXODWHG XVLQJ DLU
WHPSHUDWXUH 7D >&@ UHODWLYH KXPLGLW\ 5+ >@
FORXGLQHVV&>RFWD@DQGZLQGVSHHGY>PV@PHDVXUHG
DFWXDOO\DWWKHWLPHDQGSODFHRITXHVWLRQQDLUHVXUYH\
LQXUEDQDUHDRQVW)HEUXDU\IURPWR
 ORFDO WLPH DQG ZLGHO\NQRZQ 5D\0DQ
VRIWZDUH>@7KHVXUYH\DQGPHDVXUHPHQWSRLQW
LVWKHXUEDQZHDWKHUREVHUYDWLRQVWDWLRQHVWDEOLVKHG
LQ WKH 5HJLRQDO 0HWHRURORJLFDO $GPLQLVWUDWLRQ
2IILFH LQ WKH FLW\ FHQWHU P ¶1

¶(  UHIOHFWLQJ XUEDQ FKDUDFWHULVWLFV EHLQJ
VXUURXQGHG E\ VWUXFWXUHG VXUIDFH VWRUH\
EXLOGLQJV  DQG IDFLQJ KHDY\ WUDIILF ORDG GXH WR
GHQVHO\ XVHG FLW\ SDUW )LJXUH   :HDWKHU VWDWLRQ
WDNHV GDWD RQ HYHU\ WZR VHFRQGV DQG FDOFXODWLRQV
ZHUH SHUIRUPHG XVLQJ GDWD HYHU\ PLQXWH ZKLFK
FRLQFLGHVZLWKWKHTXHVWLRQQDLUHWLPH

4XHVWLRQQDLUHVXUYH\2Q±VLWHVXUYH\VZHUH
SHUIRUPHGE\DVNLQJLQGLYLGXDOVWKHLUIHHOLQJVDERXW
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WKHDPELHQWDLUFRQGLWLRQPHDVXUHGVLPXOWDQHRXVO\
E\ WKH ZHDWKHU VWDWLRQ RSHUDWHG E\ 7XUNLVK 6WDWH
0HWHRURORJLFDO 6HUYLFH 7LPH RI VXUYH\ ZDV
UHFRUGHGIRUHDFKLQWHUYLHZWRFKHFNWKHELRFOLPDWLF
FRPIRUWUDQJHVDFFRUGLQJWRFDOFXODWHG3(7YDOXHV
4XHVWLRQQDLUHZDVWUDQVODWHGIURPWKDWXVHGDOVRE\
>@ 7DEOH   7KHUPDO SHUFHSWLRQ RI WKH VXEMHFWV
ZDV DVNHG EDVHG RQ D QLQHSRLQW VFDOH DV LQ WKH
JHQHUDOO\DFFHSWHGIRUPVLQ7DEOHDGGLQJH[WUHPH
YDOXHV YHU\ FROG DQG KRW DFFRUGDQFH ZLWK
>@ 5HVXOWV RI WKH TXHVWLRQQDLUH ZHUH
DQDO\VHGXVLQJ6366VRIWZDUHDQG&KLVTXDUHWHVWWR
DQDO\VHGLIIHUHQFHV


5(68/76

4XHVWLRQQDLUH VXUYH\ ZDV FRQGXFWHG RQ VW
)HEUXDU\EHWZHHQDQGORFDOWLPH
*07  )LJXUH  JLYHV WKH WHQGHQF\ LQ DLU
WHPSHUDWXUH 7D&  UHODWLYH KXPLGLW\ 5+  DQG
ZLQG YHORFLW\ :9PV  LQ PLQXWHV RYHU WKH VWXG\
KRXUV
$FFRUGLQJWR)LJXUHDQG7DEOHZKLFKJLYHV
WKHPHDQPD[LPXPDQGPLQLPXPRI7D5+:9
DQG FDOFXODWHG 3(7 YDOXHV WKHUH LV D FRQVLVWHQW
LQFUHDVH LQ WHPSHUDWXUH LQ D VKRUW WLPH IURP WKH
YDOXHV EHORZ ]HUR WR SRVLWLYH YDOXHV 5+ VKRZV D
JUDGXDOGHFUHDVHGHSHQGLQJRQWHPSHUDWXUHLQFUHDVH
ZKLOH ZLQG YHORFLW\ FKDQJHV EHWZHHQ OLJKW YDOXHV
DQG FDOP &ORXGLQHVV YDOXHV VKRZHG QHDUO\ QR
FKDQJHVIURPRFWDVWKHUHIRUHLWLVQRWJLYHQLQWKH
7DEOH
$OO WKH 3(7 YDOXHV FDOFXODWHG LQ WKH
TXHVWLRQQDLUHVXUYH\WLPHDUHEHORZ&LHORZHU


)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

WKDQ WKH ³YHU\ FROG´ FDWHJRU\ LQ 7DEOH   DQG
FKDQJHG EHWZHHQ & DQG & 7DEOH  DQG
)LJXUH   WKHUHIRUH WKH YDOXHV DUH QRW FODVVLILHG
GLVWULEXWHG LQWRWKHUPDOVWUHVVFDWHJRULHVJLYHQLQ
7DEOHDERYHZKLFKPHDQVWKDWZKROHSHULRGLVLQ
³YHU\FROG´UDQJHDQGXQGHU³H[WUHPHFROGVWUHVV´
5HVXOWV REWDLQHG DERXW LQGLYLGXDOV¶ WKHUPDO
SHUFHSWLRQ LV JLYHQ LQ 7DEOH  DFFRUGLQJ WR WKH
TXHVWLRQV LQ WKH VXUYH\ 7DEOH  JLYHV WKH
GHPRJUDSKLFLQIRUPDWLRQDERXWWKHUHVSRQGHQWV
IHPDOH±DJHG 

7$%/(
0HDQPD[LPXPDQGPLQLPXPYDOXHVRI
SDUDPHWHUV

0HDQ
0D[
0LQ



3(7



7HPS



5+



:9

7$%/(
'HPRJUDSKLFFKDUDFWHULVWLFVRIWKHUHVSRQGHQWV
9DULDEOHV
7RWDO1XPEHU

*HQ
)HPDOH


GHU
0DOH


7RWDO


$JH















$ERYH




DĞĂƐƵƌĞĚWĂƌĂŵĞƚĞƌƐ
ϰ͕Ϭ

ϭϬϬ͕Ϭ
ϵϬ͕Ϭ

ϯ͕ϱ

ϵϭ͕Ϭ

ϯ͕Ϭ
Ϯ͕ϲ

ϴϬ͕Ϭ

Ϯ͕Ϭ

ϳϬ͕Ϭ

ϭ͕Ϭ

ϲϬ͕Ϭ
ϱϬ͕Ϭ

Ϭ͕Ϭ

ϰϬ͕Ϭ

Ͳϭ͕Ϭ

ϯϬ͕Ϭ
ͲϮ͕Ϭ
ϮϬ͕Ϭ
ϭϬ͕Ϭ

Ͳϯ͕Ϭ
Ͳϯ͕ϰ

Ϭ͕Ϭ

Ͳϰ͕Ϭ
Z,

dĂ

ts

),*85(
7HQGHQF\LQWKHPHWHRURORJLFDOSDUDPHWHUV





E\3639ROXPH±1R$SDJHV



)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

3(7 &




















),*85(
7HQGHQF\LQ3(7YDOXHV

7$%/(
&KLVTXDUHWHVWUHVXOWVRIWKHUHVSRQVHVUHODWHGWRIHHOLQJFROGRUZDUP

9DULDEOH

*HQ
GHU

$JH

)H
PDOH
0DOH
7RWDO

9HU\
&ROG
FROG
1  1

   

+RZGR\RXIHHOQRZ"
6OLJKWO\
1HXWUDO
6OLJKWO\ZDUP
:DUP
+RW
9HU\KRW
FRRO
 1 
1

1

1

1  1 
    




   

&RRO
1





    
    







 
 
































    





 

































































7RWDO



    





&KL±VTXDUH [ð  6LJ  
       


















































































 

















&KL±VTXDUH [ð  6LJ  




7$%/(
3UHIHUHQFHRIDLUIRUWHPSHUDWXUH&KLVTXDUH [ WHVW

+RZZRXOG\RXSUHIHUWKHDPELHQWDLU"
9DULDEOHV
:DUPHU
1RFKDQJH
&RROHU
1

1

1

)HPDOH






*HQ
0DOH






GHU
7RWDO






&KLVTXDUH [ð  6LJ  







$JH




























7RWDO






&KLVTXDUH [ð  6LJ 















E\3639ROXPH±1R$SDJHV

7DEOH  VKRZV WKH UHVXOWV RI &KLVTXDUH [ 
WHVWRIWKHDQVZHUVUHODWHGWRIHHOLQJFROGRUZDUP
$FFRUGLQJ WR JHQGHU IHPDOHV IHHO FROG PRUH WKDQ
PDOHVGRZKLOHPDOHVIHHOFRPIRUWDEOHLQKLJKHUUDWH
 WKDQIHPDOHV  5DWHVRIWKRVHIHHOLQJ
FROG FRRO DQG QHXWUDO FRPIRUWDEOH  DUH 
DQGLQWRWDOUHVSHFWLYHO\$VLJQLILFDQW
UDWHRISDUWLFLSDQWVZDVIRXQGWREHFRPIRUWDEOHZLWK
WKH H[WUHPHO\ FROG FRQGLWLRQV DFFRUGLQJ WR WKH
SUHGHILQHG FDWHJRULHV 5HVXOWV DUH VWDWLVWLFDOO\
VLJQLILFDQW S 
3UHIHUHQFH RI DPELHQW DLU FRQGLWLRQV IRU
WHPSHUDWXUH  DOVR GLIIHUV DFFRUGLQJ WR WKH DJH DQG
JHQGHU 7DEOH   $PRQJ WKH UHVSRQGHQWV 
SUHIHUV ZDUPHU DLU ZKLOH  VWDWHG WKHLU
VDWLVIDFWLRQ FRPIRUWDEOH 5HVXOWVZHUHIRXQGWREH
QRW VLJQLILFDQW IRU DJH DQG VLJQLILFDQW IRU JHQGHU
S 


&21&/86,21

+XPDQ WKHUPDO FRPIRUW LV D VLJQLILFDQW VWXG\
ILHOG GXH WR WKH FKDQJLQJ DQG YDULDEOH FOLPDWLF
FKDUDFWHULVWLFVRIXUEDQHQYLURQPHQWV(YHQWKRXJK
WKHKHDWVWUHVVUHODWHGGLVFRPIRUWLVPDLQO\WKHWRSLF
RI WKH VWXGLHV FROG VWUHVV DQG WKHUPDO FRPIRUW LQ
ZLQWHUFLWLHVDOVRDWWUDFWDWWHQWLRQ7KLVVWXG\VKRZV
WKH SUHGHILQHG WKHUPDO SHUFHSWLRQ FDWHJRULVDWLRQ
JLYHVLQHIILFLHQWUHVXOWVLQFROGVHDVRQVLQLWVSUHVHQW
VLWXDWLRQ UDQJHV LH EHORZ & LV DFFHSWHG WR EH
H[WUHPHO\FROGVWUHVV 7KHUHIRUHWKLVFDWHJRULVDWLRQ
VKRXOGEHUHYLVHGFRQVLGHULQJWKHKXPDQUHVSRQVHV
WRDPELHQWDLUFRQGLWLRQV&DWHJRULVDWLRQXVLQJQLQH
±SRLQWFODVVHVPD\EHUHRUJDQLVHGFRQVLGHULQJWKH
H[WUHPHYDOXHVDQG³YHU\FROG´FDWHJRU\VKRXOGEH
DFFHSWHG ORZHU WKDQ & 3(7 EHFDXVH WKH UDWH RI
SDUWLFLSDQWV IHHOLQJ FRPIRUWDEOH LV WKH KLJKHVW
FRPSDUHG WR RWKHU FDWHJRULHV ,Q VXFK D
FDWHJRULVDWLRQDGGLWLRQDOUDQJHVPD\EHDGGHGWRWKH
SRLQWV RU WKUHVKROG YDOXHV RI WKH UDQJHV PD\ EH
IOH[HG IRU ZLQWHU FLWLHV DV LW LV VHHQ WKDW HYHQ DW 
&RI3(7YDOXHVPRUHWKDQRQHWKLUGRISHRSOH
VD\WKH\IHHOFRPIRUWDEOHRIFRXUVHGHSHQGLQJRQ
WKHLU FORWKHV DQG ZRUN DFWLYLWLHV :LWK VXFK D
UHILQHPHQWHIIRUWWKHUPDOFRPIRUWVWXGLHVKHOSPDNH
GHFLVLRQVIRUVSDWLDODQGVRFLRHFRQRPLFGHVLJQV


5()(5(1&(6

>@ 'R÷DQD\+  *HQHUDO*HRJUDSKLF&KDU
DFWHULVWLFV RI (U]XUXP (U]XUXP 0XQLFLSDOLW\
&XOWXUDO3XEOLFDWLRQV<RUXP3XEOLVKLQJ$Q
NDUDSS








)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

>@ ,3&&  90DVVRQ'HOPRWWHHWDO (GV 
*OREDOZDUPLQJRI&$Q,3&&VSHFLDOUH
SRUWRQWKHLPSDFWVRIJOREDOZDUPLQJRI&
DERYH SUHLQGXVWULDO OHYHOV DQG UHODWHG JOREDO
JUHHQKRXVHJDVHPLVVLRQSDWKZD\VLQWKHFRQ
WH[WRIVWUHQJWKHQLQJWKHJOREDOUHVSRQVHWRWKH
WKUHDWRIFOLPDWHFKDQJH:RUOG0HWHRURORJLFDO
2UJDQL]DWLRQ*HQHYD6ZLW]HUODQGSS
>@ :02  +HDWZDYHVDQG+HDOWK*XLGDQFH
RQ :DUQLQJ6\VWHP 'HYHORSPHQW :021R
 *HQHYD KWWSVZZZZKRLQWJOREDO
FKDQJHSXEOLFD
WLRQV:02B:+2B+HDWB+HDOWKB*XLG
DQFHBSGI"XD  $FFHVVHG GDWHWK 0D\
 
>@ :02  *XLGHOLQHVRQWKH'HILQLWLRQDQG
0RQLWRULQJ RI ([WUHPH :HDWKHU DQG &OLPDWH
(YHQWV 'UDIW 9HUVLRQ ± )LUVW 5HYLHZ %\ 7W
'HZFH'HFHPEHU*HQHYD
>@ /LX = +H & =KRX < DQG :X -  
+RZPXFKRIWKHZRUOG¶VODQGKDVEHHQXUEDQ
L]HG UHDOO\" $ KLHUDUFKLFDO IUDPHZRUN IRU
DYRLGLQJFRQIXVLRQ/DQGVFDSH(FRORJ\  

>@ 7R\6'HPLUFDQ1  3RVVLEOHZD\VRI
PLWLJDWLQJ WKH HIIHFWV RI FOLPDWH FKDQJH XVLQJ
HIILFLHQW XUEDQ SODQQLQJ DQG ODQGVFDSH GHVLJQ
SULQFLSOHVLQ7XUNH\)UHVHQ(QYLURQ%XOO
 
>@ GH )UHLWDV &5   7RXULVP FOLPDWRORJ\
HYDOXDWLQJHQYLURQPHQWDOLQIRUPDWLRQIRUGHFL
VLRQPDNLQJDQGEXVLQHVVSODQQLQJLQWKHUHFUH
DWLRQDQGWRXULVPVHFWRU,QW-%LRPHWHRURO

>@ 0DW]DUDNLV$  $VVHVVPHQWPHWKRGIRU
FOLPDWHDQGWRXULVPEDVHGRQGDLO\GDWD,Q$
0DW]DUDNLV & 5 GH )UHLWDV ' 6FRWW (GV 
'HYHORSPHQWVLQ7RXULVP&OLPDWRORJ\
>@ GH)UHLWDV&56FRWW'0F%R\OH*  
$VHFRQGJHQHUDWLRQFOLPDWHLQGH[IRUWRXULVP
&,7 VSHFLILFDWLRQDQGYHULILFDWLRQ,QW-%LR
PHWHRURO
>@/LQ 73 0DW]DUDNLV $   7RXULVP FOL
PDWH DQG WKHUPDO FRPIRUW LQ 6XQ 0RRQ /DNH
7DLZDQ,QW-%LRPHWHRURO
>@+XWWQHU6%UXVH0'RVWDO3  8VLQJ
(19,PHW WR VLPXODWH WKH LPSDFW RI JOREDO
ZDUPLQJ RQ WKH PLFURFOLPDWH LQ FHQWUDO (XUR
SHDQ FLWLHV %HU 0HWHRU ,QVW $OEHUW/XGZLJV
8QLY)UHLEXUJ
>@0DW]DUDNLV$$PHOXQJ%  3K\VLRORJ
LFDOO\ (TXLYDOHQW 7HPSHUDWXUH DV LQGLFDWRU IRU
LPSDFWV RI FOLPDWH FKDQJH RQ WKHUPDO FRPIRUW
RIKXPDQV,Q0&7KRPVRQ5*DUFLD+HU
UHUD 0 %HQLVWRQ HGV  6HDVRQDO )RUHFDVWV
&OLPDWLF&KDQJHDQG+XPDQ+HDOWK$GYDQFHV
LQ *OREDO &KDQJH 5HVHDUFK  6SULQJHU6FL
HQFHVDQG%XVLQHVV0HGLD
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>@(QGOHU & 2HKOHU . 0DW]DUDNLV $  
9HUWLFDOJUDGLHQWRIFOLPDWHFKDQJHDQGFOLPDWH
WRXULVPFRQGLWLRQVLQWKH%ODFN)RUHVW,QW-%L
RPHWHRURO
>@)U|KOLFK'0DW]DUDNLV$  0RGHOOLQJ
RI FKDQJHV LQ WKHUPDO ELRFOLPDWH H[DPSOHV
EDVHG RQ XUEDQ VSDFHV LQ )UHLEXUJ *HUPDQ\
7KHRU$SSO&OLPDWRO±
>@0OOHU 1 .XWWOHU : %DUODJ $%  
&RXQWHUDFWLQJXUEDQFOLPDWHFKDQJHDGDSWDWLRQ
PHDVXUHV DQG WKHLU HIIHFW RQ WKHUPDO FRPIRUW
7KHRU$SSO&OLPDWRO
>@0RUULV ., &KDQ $ 0RUULV .-. 2RL
0&* 2R]HHU 0< $EDNU <$ 1DG]LU
060 0RKDPPHG ,< $O4ULPOL +)
 ,PSDFWRIXUEDQL]DWLRQOHYHORQWKHLQ
WHUDFWLRQVRIXUEDQDUHDWKHXUEDQFOLPDWHDQG
KXPDQ WKHUPDO FRPIRUW $SSO *HRJU  ±

>@7R\6$\WDF$6.DQWRU1  +XPDQ
ELRPHWHRURORJLFDODQDO\VLVRIWKHWKHUPDOFRQ
GLWLRQVRIWKHKRW7XUNLVKFLW\RIùDQOLXUID7KH
RUHWLFDO $QG $SSOLHG &OLPDWRORJ\   

>@$VXU)  2UQDPHQWDO3ODQWV:KLFK&DQ
%H 8VHG LQ9LVXDO /DQGVFDSH ,PSURYHPHQW LQ
&ROG&OLPDWH5HJLRQV-RXUQDORI,QWHUQDWLRQDO
(QYLURQPHQWDO$SSOLFDWLRQDQG6FLHQFH  

>@7R\6.iQWRU1  (YDOXDWLRQRIKXPDQ
WKHUPDOFRPIRUWUDQJHVLQXUEDQFOLPDWHRIZLQ
WHUFLWLHVRQWKHH[DPSOHRI(U]XUXPFLW\(QYL
URQ6FL3ROOXW5HV±
>@0D\HU++|SSH3  7KHUPDOFRPIRUW
RIPDQLQGLIIHUHQWXUEDQHQYLURQPHQWV7KHRU
$SSO&OLPDWRO
>@+|SSH3  7KHSK\VLRORJLFDOHTXLYDOHQW
WHPSHUDWXUHDXQLYHUVDOLQGH[IRUWKHELRPHWH
RURORJLFDO DVVHVVPHQW RI WKH WKHUPDO HQYLURQ
PHQW,QW-%LRPHWHRURO±
>@0DW]DUDNLV$0D\HU+  $QRWKHUNLQG
RI HQYLURQPHQWDO VWUHVV WKHUPDO VWUHVV :+2
1HZVOHWWHU
>@0DW]DUDNLV $ 0D\HU + ,]RPRQ 0*
  $SSOLFDWLRQ RI D XQLYHUVDO WKHUPDO LQ
GH[ SK\VLRORJLFDO HTXLYDOHQW WHPSHUDWXUH ,QW
-%LRPHWHRURO
>@0DW]DUDNLV$5XW])0D\HU+  (V
WLPDWLRQ DQG FDOFXODWLRQ RI WKH PHDQ UDGLDQW
WHPSHUDWXUHZLWKLQXUEDQVWUXFWXUHV,Q%LRPH
WHRURORJ\DQG8UEDQ&OLPDWRORJ\DWWKH7XUQRI
WKH0LOOHQLXP HGE\5-GH'HDU-'.DOPD
75 2NH DQG $ $XOLFLHPV  6HOHFWHG 3DSHUV
IURP WKH &RQIHUHQFH ,&%,&8&¶ 6\GQH\
:&$63 :027' 1R   
5D\PDQ$7RROIRU7RXULVPDQG$SSOLHG&OL
PDWRORJ\
>@0DW]DUDNLV$5XW])  $SSOLFDWLRQRI
5D\0DQIRUWRXULVPDQGFOLPDWHLQYHVWLJDWLRQV
$QQDOHQGHU0HWHRURORJLH  
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>@7XUN6WDW  5HJLRQDO6WDWLVWLFVKWWSVEL
UXQLWXLNJRYWUEROJHVHOLVWDWLV
WLNWDEOR2OXVWXUGR $FFHVVHG GDWH WK 0D\
 
>@-RKDQVVRQ(<DKLD0:$UUR\R,%HQJV
&   2XWGRRU WKHUPDO FRPIRUW LQ SXEOLF
VSDFHLQZDUPKXPLG*XD\DTXLO(FXDGRU,QW
-%LRPHWHRURO±
>@,62    (UJRQRPLFV RI WKH WKHUPDO
HQYLURQPHQW²DVVHVVPHQW RI WKH LQIOXHQFH RI
WKHWKHUPDOHQYLURQPHQWXVLQJVXEMHFWLYHMXGJH
PHQW VFDOHV ,QWHUQDWLRQDO 2UJDQL]DWLRQ IRU
6WDQGDUGL]DWLRQ*HQHYD
>@7KRUVVRQ6+RQMR7/LQGEHUJ)(OLDVVRQ
(/LP(0  7KHUPDOFRPIRUWDQGRXW
GRRU DFWLYLW\ LQ -DSDQHVH XUEDQ SXEOLF SODFHV
(QYLURQ%HKDY±
>@.iQWRU1eJHUKi]L/8QJHU-  6XE
MHFWLYH HVWLPDWLRQ RI WKHUPDO HQYLURQPHQW LQ
UHFUHDWLRQDO XUEDQ VSDFHV²SDUW  LQYHVWLJD
WLRQV LQ 6]HJHG +XQJDU\ ,QW - %LRPHWHRURO
±
>@<DKLD0:-RKDQVVRQ(  (YDOXDWLQJ
WKHEHKDYLRXURIGLIIHUHQWWKHUPDOLQGLFHVE\LQ
YHVWLJDWLQJYDULRXVRXWGRRUXUEDQHQYLURQPHQWV
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DETERMINATION OF URBAN REGENERATION AREAS
IN TURKEY: CURRENT APPROACH AND SUGGESTIONS
FOR SUSTAINABLE DEVELOPMENT
Ezgi Sezgin*, Ali Tunc, Tahsin Yomralioglu
Istanbul Technical University, Department of Geomatics Engineering, 34469 Maslak, Istanbul, Turkey

the late 1950s, rapid urbanization was experienced,
and the period’s effects are still visible. The decline
in agriculture and the rise of Turkey’s industrial sector has rapidly increased migration from the country
to town. From the 1980s, the cities globally experienced a restructuring and transformation process due
to the economic restructuring and globalization [2].
Cities that are not ready for such a rapid population
increase, especially megacities such as Istanbul, Ankara, and Izmir, have faced housing problems that
resulted in slums and urban sprawl. Today, cities accommodate over 75 percent of the country’s population and contribute substantially to its industriallycompetitive economy [3].
As the urban population lags behind the rural
population, the disaster risks in these urban settlements are increasing daily. Due to high population
density and high population growth in the cities,
mostly in the developing countries, they are not
properly and adequately prepared for disaster resilience [4]. Governments use Urban Regeneration
(UR) projects in order to reduce the impacts of disasters and design livable cities. UR represents an opportunity for sustainable development and smart
growth of cities [5]. Even though the primary purpose of the UR concept was commonly accepted as
to develop new urban spaces, the policy and its instruments have been used in solving many other urban problems such as the regeneration of illegal settlements. Lately, the procedure is also used for disaster risk management, mitigation or recovery, and a
tool for facing disaster risks in cities [2].
As an important global socio-economic development tool worldwide, UR has transformed from
focusing on large-scale and modernized physical
transformations to addressing diversity, sustainability, equality, and livability in the city [6]. In Turkey,
UR projects are important urban development tools
to reduce disaster risk and design vulnerable cities.
UR projects are comprehensive projects involving
many stakeholders and lots of properties. For this
reason, a large number of spatial data must be operated coordinately. This interoperability can be possible only with standards and have to be supported
with a fit for purpose legislation.
Despite the legal arrangements, there are some
differences in interpretation and implementation.

ABSTRACT
Urban regeneration (UR) is a crucial city planning tool used by local and central governments in
order to reduce the impacts of disasters and design
sustainable cities. It is important to accelerate the
process when it comes to the loss of lives. In order
to take measures against disasters quickly and to design disaster resistant cities by taking advantage of
the new and facilitator Law, more than 250 areas
across the country have been determined as project
areas According to The Law on the Regeneration of
Areas under Disaster Risk, commonly known as the
Urban Regeneration Law (No.6306, May 2012). Due
to insufficient information in the Regulation, there
are differences in practice. There is a need for a more
comprehensive regulation to set every point clear
and transparent to develop UR projects sustainably.
In this study, a workflow diagram has been designed.
This will be useful to standardized the UR process.
The required data for the determination of UR areas
according to the related legislation has been specified. A geographical data model for the determination of UR project areas has been designed and its
relationship with national and international data
standards has been established. Spatial Unit, Party,
Governmental Utility, Illegal Condition of Buildings
data classes were modelled. They will be beneficial
for managing the UR process from the data management point of view. Using Unified Modelling Language (UML) diagrams to model the geographical
data will enable institutions and data managers to operate together and manage urban data efficiently.

KEYWORDS:
Urban Regeneration (UR), Disaster Risk, Geographical
Data Model, Unified Modelling Language (UML)

INTRODUCTION
Rapid urbanization has always been a challenging management issue for governments in developing countries. On average, today’s developing countries have seen urban share increases of 8 percent between 1985 and 2005 [1]. Similarly, in Turkey, since
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In Turkey, central and local administrations executed unsuccessful urbanization applications since
the 50s, which showed they were incapable of developing urban lands. After the early 90s, developing
organized, healthy, and livable urban areas underlie
the development planning and implementation. After
the Marmara Earthquake, which hit in 1999, revealed the necessity to re-evaluate UR attempts [10].
Even though many lessons were taken and the politicians gave promises, only a few years later, the
2011 Van Earthquake occurred. After the damage
caused by the Van earthquake, the government took
severe steps, and the final legislative arrangements
were then made [7].
Over the years, various legislations dealing
with different aspects of urban renewal and regeneration in Turkey were enacted (Table 1). In 1966, 775
numbered Slum (“Gecekondu” in Turkish) Law
came into force and it was only focused on rehabilitation of existing slums. It is followed by the 2985
numbered and 1984 dated Mass Housing Law which
aims transformation of slum areas, promotion of safe
housing in the context of urban regeneration. The
5104 numbered North Ankara Entrance Urban Regeneration Project Law that is issued in 2004, is to
improve physical condition and environment of the
north Ankara entrance and its surroundings. With the
Municipality Law numbered 5393 and dated 2005,
municipalities are authorized to implement urban regeneration and renewal projects. Although the powers and responsibilities were not clear in this law,
many UR projects have been implemented in accordance with this law. 2005 dated and 5366 numbered
Law on the Protection of Deteriorated Historical and
Cultural Heritage through Renewal and Re-use focuses on reconstruction and restoration of protected
areas and their surroundings. These legislations were
not dealing with the problem from a holistic view to
offer a sustainable solution to urbanization problems.
In addition to the fact that these laws were not
comprehensive, the government wanted to take
quick measures for buildings that are not resistant to
disasters. With the lessons taken from the past natural disasters and their devastating results, the Ministry of Environment and Urbanization developed a
new framework [9]. In 2012 the Law on Transformation of the Areas under Disaster Risk No. 6306,
widely known as the Urban Regeneration Law had
enacted.
This Law aims to define the procedures and
principles on rehabilitation, clearance, and renewal
of risky areas and risky buildings to constitute
healthy and safe housing and environment, under the
terms of the technical and artistic norms and standards.

There is a need for holistic development to implement the UR projects and design sustainable and disaster-resilient cities. This study fundamentally aimed
to develop data models for UR Project Area determination. According to the legislation, UR background
and project process in Turkey and related data were
defined in Section 2 (Urban Regeneration in Turkey). In order to ensure interoperability, data models
were developed, which are compatible with national
(TRGIS: Turkish National GIS) and international
(Infrastructure for Spatial Information in Europe
(INSPIRE), International Organization for Standardization-ISO/TC211) geographical data models and
contribute to national data models from the urban development point of view. Interoperability of geographical data models was ensured through Unified
Modelling Language (UML) (detailed information
provided in Section 3-Methodology). Accordingly, a
workflow diagram was designed, and the required
data for the determination of UR areas was formed
based on the related legislation. After defining the
current approach to UR area determination, proposed data models were given in Section 4 (Results).
This study contributes to authorities for sustainable
and resilient urban planning and carrying out the UR
projects effectively.

URBAN REGENERATION IN TURKEY
While urbanization was steadily increasing
during the 1950s-70s, it was during the 1980s that
Turkey experienced a significant surge of rural migrants to cities, causing a rapid expansion of informal areas in urban settlements. After that, a permissive tenure regime granted squatters on the urban
public land legal status that prompted both households and host municipalities to invest in their dwellings and neighborhood infrastructure [3]. This adoption of Turkey paved the way for other migrants and
other illegal settlements. Urban redevelopment activities started with the demolishment of slums; after
the rapid population growth, urban land in need of
new inhabitants tried to be reproduced through regeneration projects. In the 1980s urban development
became more important as a political tool, and this
directly impacted the legislative Regulation, for example, Development Law (1985) and Mass Housing
Law (1984) [7]. The UR projects were developed by
municipalities and the Housing Development Administration (TOKI) in the light of new responsibilities transferred from the State by-laws.
In the 2000s, in cities where deconstruction
took place with the industrial revolution, another reconstruction period was observed involving the
transformation of spaces into different flow areas
[8]. With the rapid urbanization and the expansion,
various problems occurred related to urban demography, urban land, and the planning environment.
[9].
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TABLE 1
Legislative background of UR in Turkey (Adapted from [7])
Date
1966

Law
Slum Law

Authority
Municipality, TOKI

1984

Mass Housing Law

TOKI

2004

North Ankara Entrance Urban
Regeneration Project Law

Ankara Metropolitan Municipality

2005

Municipality Law

2005

Protection of Deteriorated Historical and Cultural Heritage
through Renewal and Re-use

2012

Law on Transformation of the Areas under Disaster Risk

Municipality, Metropolitan
Municipality
Municipality, Metropolitan
Municipality, Cultural Heritage Preservation Board
Ministry of Environment,
Urbanization and Climate
Change

Aim
Rehabilitation of existing slums.
Transformation of slum areas and the
promotion of safe dwellings in disaster
areas.
To improve the physical condition and
environment of the North Ankara entrance and its surroundings.
To implement UR projects to take
measures against disaster risk.
Reconstruction and restoration of protected areas and their surroundings, to
take precaution against disaster risk.
Define the procedures and principles on
rehabilitation, clearance and renewal of
risky areas and buildings.

reason, administrators and inventors preferred to implement UR projects within the Law numbered 6306
in order to benefit from the advantages provided in
many phases and to get project impacts faster. For
this reason, within this study, the Law numbered
6306 and its implementation Regulation have been
examined as it is the latest and most frequently applied UR law in Turkey. The Law and the Regulation
have been analyzed in detail to determine UR project
steps. The current work aims to define the standard
working steps and the data used and produced for
each step necessary for UR projects.
In order to obtain the most productive and sustainable results from UR, the first step is to determine the project area precisely. Although the requirements to determine one area as a UR area were
stated in the Regulation, there may occur differences
in practice. The UR procedure needs to be standardized in large scale projects that involve large numbers of stakeholders. In this way, the differences that
may arise in practice can be eliminated, and transparency can be established in real-life applications.
It is certain to implement a transparent and participatory application in practice since people’s property rights have also interfered with the UR projects.
Therefore, it is necessary to ensure that the same
steps are carried out in each project, depending on
the area’s specifications. For this purpose, the criteria in the project area determination and the actors in
the process must be clearly stated.
In this study, Turkish National GIS standards
have been outlined. UML was used to create the conceptual scheme for geospatial data management, and
the properties of the data themes were designed with
UML in an object-oriented relational structure [13].
For this reason, within the scope of interoperability,
process and data diagrams are created with UML.
Therefore, the model proposed in this study will be
able to function under national standards.

The Law does affect the construction and real
estate sectors significantly. As highlighted in the
presentation about UR implementations in the context of the Law no.6306 by the Ministry (2018),
594.000 buildings countrywide were detected as
risky buildings where 662.000 buildings were included in the nearly 250-risky area designation. In
total, 4.152.000 people were within risky buildings
and risk areas in Turkey [11]. UR Action Plan, the
new road map of UR in Turkey, has been prepared
and announced by the Ministry of Environment and
Urbanization. According to the Action plan, more
than 80 thousand citizens lost their lives in 56 earthquakes of 6 or more magnitude in the last century.
And other statistical information (Figure 1) on UR
was given in the Action Plan. The Ministry has been
planning to renew 1.5 million houses, which were
determined as a priority, out of 6.7 million houses.
that need to be regenerated within five years and
within this framework, to ensure the renewal of 300
thousand houses every year, 100 thousand of which
are in Istanbul. [12].

FIGURE 1
UR in Turkey with Numbers

METHODOLOGY
In addition to being more comprehensive than
previous UR laws, the latest UR Law (6306) has
many advantages for public and private investors,
such as reduced taxes and housing benefits. For this
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TABLE 2
Urban Regeneration
Area Proposal File
g

FIGURE 2
UML Sequence Diagram of UR Project Area Determination
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FIGURE 3
LADM Party Package (Adapted from [18])

FIGURE 4
TK_Spatial Unit and Associations (Adapted from [20])
eliminate practice differences. The actors in UR projects were also determined. The authorizations and
responsibilities were also introduced, and the process became transparent and participatory for all
stakeholders. While the Regulation furnishes the
Ministry with authority, the Municipality, TOKİ, and
real or private legal entities within the area can also
make a proposition for UR in that area.

Legislative Analyze. The legislative analysis
was conducted to present the work steps for the determination of UR areas. The legislation was examined to highlight every step where spatial data was
used and produced in the regeneration process. This
content may be a map/plan production or a reporting,
service, duty, and need. Since UR projects are one of
the most used city planning tools in our country, it is
important to present the process conceptually to
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INSPIRE Data Specifications. INSPIRE
would offer access to spatial data via network services, and the data that would be made available follow the structure of a harmonized data specification
to achieve interoperability. INSPIRE has thematic
domains (34 in total) grouped in 3 annexes because
of different priorities, different timelines, and deadlines to implement data components of the INSPIRE
directive [15]. Some of the thematic domains were
Buildings, Land Use, Geology, Ortho-Imagery, Utility, and Governmental Services, etc., which have
been reviewed while modeling phase.

As a result of the detailed examination of the
Regulation of Law No. 6306, UR project area determination steps and actors were defined and visualized with a UML Sequence diagram (Figure 2). As a
result of the legislative analysis, it was observed that
who/what did the work, the order in which the work
was done and whether the work step was synchronous or asynchronous. When we consider these reasons, the UML Sequence diagram was found appropriate to be used.
Data Requirement Analyze. The next step after determining the UR Project steps is to define urban data flow. The corresponding articles in the UR
regulation were examined in terms of spatial data usage and production. A large number of spatial data
are used in UR projects that concern large areas and
many rightful owners. Producing these data under
national data standards will allow the process to continue faster for decision-makers and project executives. Since one of UR projects’ primary goals is disaster risk reduction, accurate selection of priority regeneration areas is critical in terms of loss of life and
property.
According to Article 5 of the UR Regulation,
UR project areas’ determination can be done due to
different reasons. Technical requirements and procedures for each situation are defined in the Regulation. There exist a data/documents list essential for
each case and additional data/document to the UR
proposal file according to the different scenarios.
Four justifications of the UR area decision and additional data/document were illustrated in Table 2.

LADM. ISO 19152:2012 Land Administration
Domain Model (LADM) is an abstract model that focuses on land administration’s legal and geographical aspects. In particular, it aims to standardize cadastral systems, while the domain of land administration is expected to other land-related public registries (e.g., address, land use and land cover, property taxation, and valuation databases) [16].
The core LADM is based on four basic classes:
Class
LA_Party,
Class
LA_RRR,
Class
LA_BAUnit, Class LA_SpatialUnit. LA_Party and
LA_BAUnit classes were fitted the UR data model
(Figure 3). They were used in their current state.
TK_SpatialUnit was compatible with LA_SpatialUnit, and it was suitable for the UR data model, so it
was included in the model. Spatial Unit described
existing cadastral/available features while Basic Administrative Unit (BAUnit) described land registry
records. Technically and spatially recorded spatial
units, registration of these spatial units or their combinations’ and related parties with basic administrative units and their relations would enable users/designers to analyze housing structure and state-owned
properties in the area.
The Party Package includes the LA_Party
class, which represents natural and legal people, and
the LA_GroupParty class representing the groups
consisting of a number of parties both of which play
a role in land administration [17]. LADM Party
package would allow users/designers to analyze parties on the UR Project Area, their types(private/public), and their shares.

Modeling. A proposal to the national GI model
has been formed of data and their contents required
in the UR project area determination. An object-oriented geographical data model was designed independently from software and hardware [14].
While designing a framework and researching
modeling, INSPIRE Data Specifications, National
GIS (TRGIS), and ISO 19152:2012 Land Administration Domain Model (LADM) have been reviewed. For any sections of the data model, these
data standards were consolidated as fitted, and sometimes they were customized. For the other sections
of the data model, a fit for purpose design has been
made. The UR data model classes were prefixed by
UR_ to differentiate them from other classes in the
complete model.
UML class diagrams were drawn for the classes
and attributes proposed to be interoperated with national standards. UML class diagram shows a system’s classes and their attributes and the relations between the system’s objects. The data and attributes
that were not previously defined in the documentation of standards but that will be used or produced
during the determination of UR areas were specified

TRGIS. TRGIS follows the ISO/TC211 Geographic Information/Geomatics Committee and
Open Geospatial Consortium (OGC) standards for
the interoperability of the geographic data sets and
services. Data specifications and exchange standards
have been developed for data themes to meet national data requirements and to accommodate geographic data on the TRGIS portal infrastructure [13].
TRGIS.TK (Land Registry and Cadastre), TRGIS.BI
(Building), TRGIS.Geology and some other themes
of the TRGIS were reviewed in terms of UR project
data requirements.
TK_SpatialUnit and TK_Parcel (Figure 4)
were adopted from the Land Registry and Cadastre
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from geotechnical surveys, such as fault and active
fault features (<<FeatureType>>UR_Fault), the geological formation of the soil (<<FeatureType>>UR_GeologicalFormation) and ground water level (<<FeatureType>>UR_GroundWater) and
lithological information of the ground (<<FeatureType>>UR_Geotechnic) have been modeled. Borehole purpose values and Lithology values
(<<CodeList>> in pink) were adopted from
TRGIS.Geology data specifications [21].

Theme (TRGIS.TK). The Land Registry and Cadastre Theme spatially implies the term ‘cadastre parcel’, which is the smallest homogenous unit of land
for which property rights and correspondingly immovable properties are defined [19]. For UR project
areas, parcels and buildings have been the basic units
to analyze risk and decide the project area.
Most contents of TRGIS.BI were also adopted
to the UR data model, but those were not adequate to
meet all requirements. UR_Building feature was also
designed to make any related analyses such as, housing structure and risky buildings on the area, places
where public order and security were disturbed,
buildings on the area contrary to the zoning legislation, etc. TRGIS. Geology theme, compatible with
INSPIRE Geology data specifications, was also reviewed and referred.

TABLE 3
UR Data Model Essential Package
EssentialPackage
Feature
Enumeration
UR_ProjectArea
UR_InsInChargeType
TK_SpatialUnit
TK_ParcelType
TK_Parcel
UR_RestrictedAreaType
UR_Tag
UR_OrthoImageryType
UR_PlanType
UR_Building
UR_Boundary
UR_Point

RESULTS
As seen in the data requirement and legislative
analysis sections, the data needed for UR project
area determination wasn’t sufficient. Essential data
and data required for each condition have been specified, and the geographical data model for UR projects has been designed compatible with existing
data standards. While creating the model, the UR
project area (<<FeatureType>>UR_ProjectArea)
and other related data and associations were revealed
by UML.
Primarily the Essential Package (Table 3) including project area (<<FeatureType>> UR_ProjectArea)
and
its
boundary
(<<FeatureType>>UR_Boundary) and coordinations (<<FeatureType>>UR_Point), has been developed, corresponding to the related article of the legislation ‘a
coordinated restriction map that shows the size of the
area’. To plot the location of the area on a satellite
image or orthophoto, ortho imagery class (<<FeatureType>>UR_OrthoImagery) and place “the areas
exposed to disaster according to Law 15.05.1959
dated and No.7269 Disaster Law” restricted areas
(<<FeatureType>>UR_RestrictedAreas) have been
produced. Also, spatial plans of the area must be included in the proposal file, so spatial plan (<<FeatureType>>UR_SpatialPlan) has been included in
the
model.
Building
class
(<<FeatureType>>UR_Building) has been developed that it
would be possible to analyze and report conditions
of buildings.
After the Essential Package has been developed, Ground Package (Table 4) has been examined.
According to the legislation, a geotechnical study
must be performed if the area is determined as a project area due to ground conditions. Geological Feature (<<FeatureClass>>UR_GeologicalFeature)
has been developed in addition to the Essential
Package. In the class data and attributes obtained

UR_RestrictedAreas

UR_OrthoImagery
UR_SpatialPlan
TABLE 4
UR Data Model Ground Package
GroundPackage
Feature
UR_ProjectArea
UR_GeologicalFeature
UR_BoreHole
UR_Geotechnic
UR_Groundwater
UR_Fault
UR_ActiveFault
UR_GeologicalFormation

Enumeration
GE_BoreholePurposeValue
GE_LithologyValue
UR_LocalSiteClass
UR_SettlementSuitabilityType
UR_SoilGroupType

In Building Package (Table 5), additional data
due to conditions of buildings were revealed. The
legislation referred to the Annex A of Principles for
Determining Risky Structures, which describes the
evaluation procedures of reinforced concrete buildings (<<FeatureType>>UR_ReinforcedConcrete)
and masonry buildings (<<FeatureType>>UR_Masonry). With its features and attributes, the Building
Package has been conveniently designed to answer
all principles.
TABLE 5
UR Data Model Building Package
BuildingPackage
Feature
UR_ProjectArea
TK_ParcelType
UR_Building
UR_ReinforcedConcrete
UR_Masonry
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FIGURE 5
UR Model Governmental Utility Package

FIGURE 6
UR Model Illegal Condition of Buildings Package
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Governmental Utility Package (Figure 5) has
been designed to summarize damage in the built environment and insufficient planning. Spatial plan
feature (<<FeatureType>>UR_SpatialPlan) has
been revealed to analyze the sufficiency of planning
infrastructure of the area and governmental utility as
an attribute of the project area to examine the utility
services provided by governments and their breakdowns and interruptions.
Illegal Conditions of Buildings Package (Figure 6) has been developed to determine the number
of illegal buildings in the area which have been built
contrary to the zoning legislation. A class (<<FeatureType>>UR_BuildingRegulation>>) has been
proposed to compare building regulations allowed
by implementation plans with the existing buildings’
conditions.
Building
class
(<<FeatureType>>UR_Building>>) and Spatial plan class
(<<FeatureType>>UR_SpatialPlan>>) have inherited the building regulation’s attributes. If at least
65% of the total number of buildings have been built
contrary to the zoning legislation, then the project
area can be determined. Besides, buildings constructed without a building license can be detected.

Fresenius Environmental Bulletin

REFERENCES
[1] Coulibaly, S., Deichmann, U. K., Freire, M. E.,
Gill, I. S., Goh, C., Kopp, A. D., ... & Ross-Larson, B. (2008). World Development Report
2009: Reshaping Economic Geography (No.
43738). The World Bank. https://open
knowledge.worldbank.org/handle/10986/5991
(Accessed date: 01.09.2021)
[2] Adıkutlu, S. (2019). Resilience to Disasters:
Lessons from Turkish Urban Regeneration Experiences. Master’s Thesis. Middle East Technical University
[3] Karam, S. G. (2015). Rise of the Anatolian Tigers: Turkey Urbanization Review (No. 87180).
The World Bank. https://openknowledge.
worldbank.org/handle/10986/22388 (Accessed
date: 05.08.2021)
[4] Arya, A. (2016). Post Disaster Urban Redevelopment Sustainable Redevelopment of Kathmandu Valley After Earthquake. Master’s Thesis. The Faculty of Engineering Sciences at The
University of Duisburg-Essen.
[5] Manganelli, B., Tataranna, S., Pontrandolfi, P.
(2020). A Model to Support the Decision-Making in Urban Regeneration, Land Use Policy.
99,104865. ISSN 0264-8377.
[6] Gittell, R. J. (1992). Renewing Cities. Princeton
University Press. ISBN 0691042934
[7] Candas, E., Flacke, J., Yomralioglu, T. (2016).
Understanding Urban Regeneration in Turkey.
International Archives of the Photogrammetry,
Remote Sensing & Spatial Information Sciences. 41.
[8] Tekeli, İ. (2011a). Settling Systems and Settling
History Articles. Istanbul: Tarih Vakfı Yurt
Yayınları. Pg. 483–498 (In Turkish).
[9] Habitat III, T. (2014). National Report. The
Ministry of Environment and Urbanization, Ankara–Turkey. https://habitat3.org/wp-content/
uploads/turkey-habitat-iii-national-report_final_v2.pdf (Accessed date: 01.08.2021)
[10] Tunc, A., Yomralioglu, T. (2016), Evaluating the
Ownership Structure in Land Regeneration Applications (7980). In: FIG Working Week 2016
Proceedings. 2-6 May. Christchurch, New Zealand.
https://www.fig.net/resources/proceedings/fig_proceedings/fig2016/papers/ts06a/TS06A_tunc_yomralioglu_7980.pdf
(Accessed date: 08.01.2021)
[11] CSB. (2018). The Ministry of Environment and
Urbanization, Presentation on the Law no.6306
and Urban Regeneration. Ankara.
[12] Urban Regeneration Action Plan. (2019). The
Ministry of Environment and Urbanization.
https://csb.gov.tr/kentsel-donusum-eylemplani-aciklandi-bakanlik-faaliyetleri-28602
(Accessed date: 10.06.2021)

CONCLUSIONS
This study describes a geographical data model
for the determination of UR project areas. This
model is designed to facilitate decision-making and
expedite the process concerning national and international data standards. UML diagrams have been
used for modeling to ensure interoperability. This
model could be integrated directly with current information management systems and geodatabases.
This geographical data model also allows decisionmakers and administrators to implement sustainable
projects and transparent management of cities.
With the model created in this study, a modelbased approach has been used under national and international standards for geographical data interoperability. Many challenges are overcome for the
functioning of UR projects as data models enable users to manage data more quickly and efficiently.
Since the model is designed with UML application
schemes, it will provide advantages such as integrating current information systems and eliminating duplicated information. Hazard vulnerability can also
be achieved rapidly with quickly prepared and technically complete and accurate urban data.

8289

© by PSP

Volume 31– No. 08A/2022 pages 8281-8290

[13] Aydinoglu, A. C., Kara, A., Yomralioglu, T.
(Eds.). (2012). TUCBS Conceptual Model
Components. Ministry of Environment and Urbanization, General Directorate of GIS, Ankara,
https://webdosya.csb.gov.tr/db/cbs/editor
dosya/TUCBS_KavramsalModel1_1.pdf (Accessed date: 08.01.2021)
[14] Tastan, B., Aydinoglu, A. C. (2020). An Approach for Determining Disaster Risk As A Part
of National Data Models. Fresen. Environ. Bull.
29(1), 6-18.
[15] INSPIRE
(2018)
Training
Document..
https://www.geo-train.eu/modules/Basics_of_inspire_data_specifications/update/pdf/inspire_Data_specifications_01-18.pdf
(Accessed date: 01.08.2021)
[16] Cagdas, V., Kara, A., Van Oosterom, P., Lemmen, C., Işıkdağ, Ü., Kathmann, R., and
Stubkjær, E. (2016). An Initial Design of ISO
19152: 2012 LADM Based Valuation and Taxation Data Model. ISPRS Journal of Photogrammetry and Remote Sensing. 4, 145-154.
[17] International Organization for Standardization.
(2012). Geographic information - Land Administration Domain Model (LADM). (ISO 19152,
2012).
[18] Lemmen, C. H. J. (2012). A Domain Model for
Land Administration. Ph.D. Thesis Technical
University Delft. ITC Dissertation 210. ISBN:
978-90-77029-31-2. 96 https://www.iso.org/
standard/51206.html (Accessed date: 01.09.
2021)
[19] Aydinoglu, A. C., Bovkir, R. (2017). Generic
Land Registry and Cadastre Data Model Supporting Interoperability Based on International
Standards for Turkey. Land Use Policy. 68, 5971.
[20] Aydinoglu, A. C., Kara, A., Yomralioglu, T.
(Eds.). (2012). TUCBS Land Registry and Cadastre Data Specifications Document. Ministry
of Environment and Urbanization, General Directorate of GIS, Ankara. https://webdosya. csb.
gov.tr/db/cbs/editordosya/TUCBS_TK1_1.pdf
(Accessed date: 08.01.2021)
[21] TUCBS (2020) Geology Data Specifications
Document. (n.d.). https://webdosya.csb.gov.tr
/db/jvsb/webmenu/webmenu12148.pdf
(Accessed date: 01.12.2020)

Fresenius Environmental Bulletin

Received:
Accepted:

25.03.2022
17.04.2022

CORRESPONDING AUTHOR:
Ezgi Sezgin
Department of Geomatics Engineering,
Istanbul Technical University, 34469
Istanbul – Turkey
E-mail: ecandas@itu.edu.tr

8290

© by PSP

Volume 31– No. 08A/2022 pages 8291-8296

Fresenius Environmental Bulletin

INFLUENCE OF FOUR POLICY MEASURES ON THE
EMISSIONS OF ATMOSPHERIC POLLUTANTS AND
GREENHOUSE GASES FOR A CENTRAL EUROPEAN CITY
Celine Degrendele1,2,*, Ondrej Mikes1, Jan Harnych3, Rainer Friedrich4, Davor Kontic5,
Gerhard Lammel1, Katerina Maneva Mitrovikj3, Julia Neuhaeuser4, Ondrej Sanka1, Dorothea Schmid4,
Alberto Gotti6, Dimosthenis Sarigiannis7,8,9, Jana Klanova1
1
Masaryk University, Faculty of Sciences, RECETOX Centre, Brno, Czech Republic
Now at Aix Marseille Université, Laboratoire de Chimie et de l’Environnement, Marseille, France
3
Enviros s.r.o., Prague, Czech Republic
4
University of Stuttgart, Institute for Energy Economics and the Rational Use of Energy, Stuttgart, Germany
5
Jožef Stefan Institute, Ljubljana, Slovenia
6
European Centre for Training and Research in Earthquake Engineering, Pavia, Italy
7
Aristotle University of Thessaloniki, Department of Chemical Engineering, Thessaloniki, Greece
8
HERACLES Research Center on the Exposome and Health, Center for Interdisciplinary Research and Innovation, Thesssaloniki, Greece
9
University School of Advanced Study Pavia, Italy
2

air pollutants. Given that more than half of the global
population live in cities [3], it is crucial to decrease
the exposure of urban citizens and their footprint in
order to improve human health and to reduce the impacts of climate change. For this, efficient policy
measures significantly reducing the primary emissions of air pollutants and greenhouse gases (GHGs)
at the urban scale are needed. However, GHGs and
air pollutants are regulated by different policies,
globally in the case of GHGs, while air pollutants are
regulated on city, national and/or regional levels.
There is a urge to evaluate simultaneously GHGs and
air pollutants and their impacts on air quality and climate change in order to minimise the environmental
footprint and poor decision making [5,6].
This study is part of the H2020 European project “Integrated Climate forcing and Air pollution
Reduction in Urban Systems” (ICARUS,
http://www.icarus.eu), which aims to develop an integrated approach to identify the appropriate policies
as well as the optimal combination of technical and
non-technical measures with co-benefits in air quality and climate change mitigation. The ICARUS approach has been applied in different European cities
of variable size starting from relatively small (Basel,
Brno, Ljubljana) to mid-size (Stuttgart, Thessaloniki) to large cities (Athens, Milan and Madrid).
They have been selected carefully to represent the
mix of urban settings around Europe and cover the
whole spectrum of “green urban management”.
Here, we present the work done within the ICARUS project for the second largest city in the
Czech Republic, Brno, with about 380,000 habitants.
Our aim was to estimate the emission reduction potentials for nine air pollutants and three GHGs in
2020-2030 following the theoretical implementation
in 2015 in Brno of four policy measures focusing on
transport and energy.

ABSTRACT
In this study, the emission changes for the city
of Brno in the Czech Republic following the
implementation of four policy measures focused on
transport and energy were assessed simultaneously
for nine air pollutants and three greenhouse gases
(GHGs). The policy measure related to the reduction
of the motorised vehicles in the city and subsequent
increase in use of soft transport was the one with the
highest emission reduction potential for most of the
compounds investigated (e.g. up to 13% decrease for
PM2.5 and NOx). Such type of measures, which have
a higher positive effect on human health and climate
change than those on low-carbon vehicles, are
difficult to implement as they require a behavioral
change. Therefore, they should be implemented
along additional measures which can be easily
implemented such as those on the replacement of old
coal-fired boilers. This study highlighted the need
for an integrated impact assessment of policy
measures, considering both air pollutants and GHGs.

KEYWORDS:
Emission Inventory, Air Pollution, Greenhouse Gases,
Policy Measures

INTRODUCTION
Air pollution and climate change are two major
environmental concerns worldwide. With regard to
human health, air pollution is responsible of the
premature death of 2.4-8.9 million people per year at
the global level [1], [2] and about 790,000 for Europe [1]. Cities, which are responsible for almost
70% of CO2 emissions at the European scale [3], are
also regularly exceeding the legal limits of several
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and NH3. Moreover, an increase of the emissions of
OC and BC in 2030 was observed, due to higher
emissions from non-exhaust processes (resuspension), which are influenced by the vehicle weight
which is 24% heavier for electric cars compared to
conventional cars [9-10]. On average, for all pollutants, the OPTI scenario led to 7.2 and 1.6 times
stronger decreases in emissions compared to the
REAL scenario in 2020 and 2030, respectively. For
M2, this measure resulted in 8-14% emissions reduction for PM2.5, PM10, NOx or CO2 depending on the
scenario and the year considered. Higher reduction
potential (up to 21%) was observed for CO and NH3.
On average, the OPTI and the PLAN scenarios resulted in decreases 1.7-2.0 and 1.2-1.5 times higher,
respectively, than those from the ZERO scenario.
For M3, large decreases were observed for SO2 (418%), PM10 (2-8%), CO (1-8%) and PM2.5 (1-5%).
This measure led to slight increase of NH3 and OC
emissions (up to 2%) explained by the higher EFs of
replacement fuels compared to coal. About three
times higher emission reductions were found for the
FAST scenario compared to the SLOW scenario by
2020. For M4, the largest reduction potential (up to
12%) was seen for BC, CH4, NMVOC, OC and SO2.
On the other hand, for CO, CO2, CH4, NH3, NOx,
PM10 and PM2.5, the decreases observed were in the
order of 1-9%. The TECHNICAL scenario resulted
in about 1.5 times higher reductions than those from
the ECONOMIC scenario both in 2020 and 2030.

MATERIALS AND METHODS
The Brno emission inventory was estimated
based on the bottom-up approach for nine air pollutants (i.e. PM10, PM2.5, black carbon (BC), organic
carbon (OC), NOx, SO2, CO, NH3 and non-methane
volatile organic compounds (NMVOC)) and three
GHGs (CH4, CO2 and N2O) for the years 2015, 2020
and 2030, following a business as usual scenario.
The details on the emission factors (EFs) and the activity data used are provided elsewhere [7]. Based on
the different existing plans developed at the local, regional and national levels (i.e. plan for improving air
quality, action plan for improving air quality, sustainable energy and climate action plan and sustainable urban mobility plan), four policy measures with
a high potential towards the compliance of both air
quality limit values and the reduction of GHGs emissions were identified (based on their effectiveness,
efficiency and acceptability) and their emission reduction potentials, with different scenarios, were estimated [8]. These were: M1: Promoting low-carbon
(i.e. electric) vehicles, M2: Reduction of the motorised vehicles and increase of the usage of non-motorised vehicles and public transportation, M3: Replacement of old coal-fired boilers in residential sector and M4: Implementation of energy saving
measures.
Within M1, an optimistic (OPTI) and a realistic
(REAL) scenarios were used. The traffic activities of
low-carbon vehicles increased from < 1% in 2015 to
1% in 2020 and 8% in 2030 under the REAL scenario and to 7% in 2020 and 12.5% in 2030 for the
OPTI scenario. Within M2, three scenarios (ZERO,
PLAN and OPTI) were used. Within ZERO, PLAN
and OPTI, the share of personal cars would decrease
from 52.7% in 2015 to 38.5%, 31.8% and 25%, respectively, in 2030 while the shares of pedestrians
and cyclists would increase in the same period from
4.7% to 14.8%, 17.6% and 35.2%, respectively.
Within M3, it is assumed that 100% of the old coalfired boilers would be replaced by 2030, with a
SLOW and a FAST scenarios assuming that 20%
and 60% of the old coal-fired boilers would be replaced by 2020, respectively. Within M4, an ECONOMIC and a TECHNICAL scenarios were used in
which the extent of the implementation of measures
improving the insulation and renovation depended
on an economic or technical perspective, respectively.

DISCUSSION
Implementation of the first measure (M1 - Promoting low-carbon vehicles) would lead to a decrease of up to 7% for all pollutants, although it is
negligible for particulate matter. An interesting review was recently published by Requia et al. [9] addressing the effects of electric mobility on air pollutants and GHGs emissions and human health. The
authors showed that the emission changes related to
the increasing numbers of electric vehicles in urban
areas are significantly influenced by the compound
considered, the source of energy generation, the type
of electric vehicle and the driving conditions besides
other city-specific parameters (e.g. amount and density of recharging stations, climate) [9]. Compared to
other compounds, CO2 emissions seem to be less
sensitive to the variation in sources of energy generation [9] and significant reduction in CO2 emissions
up to 86% could be achieved with the introduction
of electric vehicles [9,11–14]. Similarly, large decreases of CO emissions were found also in other
studies [9,15]. For NOx, PM and SO2, the changes in
emissions are strongly dependent on the energy mix
[9], [11-12]. For example, in regions where electricity is generated primarily from coal, electric vehicles
could significantly increase emissions of SO2
[11,13-14,16], NOx [12-13,16] or PM [9,11–13,17]

RESULTS
The emission changes of all compounds resulting from the implementation of the four policy
measures are shown in Figure 1. For M1, the promotion of low-carbon vehicles in Brno would decrease
the emissions of individual compounds investigated
by most 7%. The most affected compounds were CO
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FIGURE 1
Change in emissions of all compounds investigated in 2020 and 2030 associated with measure
M1 (a), M2 (b), M3 (c) and M4 (d) under all scenarios considered.
electricity generated by renewable sources, large decreases (up to 85%) of GHGs and air pollutants
could be observed, while for PM, the decreases were
more moderate [11].
The second measure (M2 - Reduction of the
motorised vehicles in the city and increase of the usage of non-motorised vehicles and public transportation) is the one with the highest emission reduction
potential for most of the compounds investigated.
The differences observed between the selected scenarios highlighted the large potential impact of such
measure, if a small but significant fraction of the urban population switches to cleaner transportation on

compared to conventional vehicles. This highlights
the need to consider both GHGs and air pollutants
when assessing such policy measures, as contradictory impacts on emissions could be found [13]. The
energy mix in electricity production needed for electric vehicles was not considered here as it represents
out-of-town emissions, which were not the scope of
this study. Therefore, implementation of policy
measures promoting electric vehicles in Brno would
have a significant effect only if it were to be implemented alongside measures increasing the use of renewable energies in the Czech electricity mix. In
case of an extreme scenario with more than 80% of
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with a high mitigation potential can be easily implemented at the city level via subsidiaries compared to
other measures (such as M2) requiring a behavioral
change.
The last measure (M4 -: Implementation of energy saving measures) resulted in significant
(i.e.>5%) emission changes of BC, CH4, NMVOC,
OC and SO2. It is worth to note that the differences
between the two investigated scenarios were small
while the implementation costs related to the TECHNICAL scenario would be significantly higher than
those of the ECONOMIC scenario.
Based on these results, we selected for each
measure just one scenario. These were M1-OPTI,
M2-ZERO, M3-SLOW and M4-ECONOMIC. For
M1, the OPTI scenario was selected, because the
emission changes were significantly higher when
compared to the REAL scenario, while it could be
easily implemented using various incentives at the
national or local level. For M2, the ZERO scenario
was selected, as it was considered to be the most realistic scenario. As no differences were observed between the two scenarios in 2030, the SLOW scenario
was selected for M3, which seems to be more likely
achieved by 2020. Finally, the ECONOMIC scenario was selected for M4, as it is the one most likely
to be adopted, because the investments needed for
the TECHNICAL scenario are too extensive for that
measure to take place.
Figure 2 presents a summary of the emission
reduction potential expected in selected scenarios of
the four investigated measures. M2, reducing the activities of PCs, is the one showing for 2020 the highest reduction potential for all compounds investigated except for CH4, OC and SO2. For 2030, however, the contributions of each measure to the expected emission reduction are compound-specific.
Reduction potential for SO2, for instance, is largely

a daily basis. Woodcock et al. [18] estimated the
emissions change for London and Delhi due to alternative scenarios linking transport patterns with physical activity and reported a larger health benefit of
active travel and lower use of motor vehicles compared to the increased use of lower-emission motor
vehicles, which is in line with our observations.
Therefore policies aiming at increasing the acceptability, appeal, and safety of active urban travel such
as public transport or bicycle as well as those discouraging travel in private motor vehicles should be
implemented rather than measures focusing only on
low-carbon vehicles [18] as they would have a
stronger positive effect on human health [19]. The
public transportation usually transfers large amounts
of daily passengers while its contribution to the
emissions of air pollutants and GHGs is low [12].
Therefore, the implementation of policy measures
promoting the usage of public transportation would
not only have a positive impact for the environment,
but also from a social perspective as it has been
shown that it can enhance the social cohesion [20].
The third measure (M3 - Replacement of old
coal-fired boilers in residential sector) resulted in
significant decreases in 2030 for SO2 (18%), CO
(8%), PM10 (8%) and PM2.5 (5%). Krůmal et al [21]
compared the chemical composition of emissions
from the old-type and modern-type boilers, which
are the most frequently used in the Czech Republic
for household heating, using different type of fuels.
The emissions of CO, NOx, PM2.5, PM10 and SO2
were highest for coal, particularly for the old type
boilers [21]. Therefore, policy measures promoting
the replacement of old coal-fired boilers with more
recent ones (particularly the automatic ones) should
lead to a significant decreases in the emissions of
both GHGs and air pollutants. This type of measure

FIGURE 2
Changes in Brno emissions (compared to BAU) related to selected measures in 2020 (a) and 2030 (b)
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throughout process of development and implementation of the policy measures focused on protecting
the environment and human health, improving the
urban air quality, increasing resilience and combating impacts of climate change.

driven by M3 focused on the replacement of old
coal-fired boilers. For BC, CH4 and OC, M4 on energy savings is dominating the reduction potential.
For CO, PM10 and PM2.5, their emission reductions
are largely affected by M2 decreasing the activities
of PCs and by M3 on old coal-fired boilers. It is
worth noting that for the remaining compounds, the
decrease potential from M3 is negligible compared
to the other measures, and for BC, CH4, NH3 and
OC, the implementation of M1 and M3 would even
lead to an increase of their emissions. This highlights
the need for an integrated impact assessment of policy measures, considering both air pollutants and
GHGs as some measures may result in a positive impact on one group but a negative one on another [5].
To summarise, the implementation of all four policy
measures under the selected scenarios would result
at most in 4.5% (OC) – 26.1% (CO) emission reductions in 2030. However, we should note that summing up all the reduction potentials on several individual measures may overestimate the overall positive effect as their interdependencies is not considered. For example, people switching to public
transport (M2) will not drive an electric vehicle
(M1).
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ABSTRACT

INTRODUCTION

As part of the ICARUS (Integrated Climate
forcing and Air pollution Reduction in Urban Systems) H2020 EU project, sampling campaigns took
place in seven European cities (Athens, Basel, Brno,
Ljubljana, Madrid, Milan, Thessaloniki), aiming to
characterize urban population exposure to air pollutants, altogether with over 600 participants from
over 250 households. By combining spatio-temporal
information on air pollution and activity data of individuals, we were able to identify individual exposure profiles and to aggregate information according
to specific micro-environments and activity. Personal exposure reports were then prepared and distributed to all participants. In this paper the overall
experience gained conducting sampling campaigns
in all seven cities is summarised, focusing on the following aspects: sensors selection and evaluation, development of the overall study design, data harmonisation and building of supporting ICT infrastructure, as well as overall feasibility evaluation including user experience as reported by both participants
and field workers.

One of the aims of the ICARUS (Integrated
Climate forcing and Air pollution Reduction in Urban Systems, H2020) project described in this paper
was to enhance exposure assessment. In particular,
the aim was to overcome the oversimplification of
classic approaches that use ambient concentrations
only. For this, the actual individual exposure to
chemical and environmental stressor, which depends
on time-activity profiles of individuals as well as on
the inhalation rate due to the intensity of each activity, were taken into account [1]. Nowadays, this is
enabled by array of new (low-cost) sensing technologies that are largely used to assess exposure at individual level [2-3]. If wearable, these sensors can provide very detailed spatio-temporal information on
exposure patterns in various microenvironments and
for activities person is involved in [e.g. 4-5]. Moreover, utilisation of such easy to use devices enables
active involvement of citizens in monitoring the
quality of their living environment based on the principles of citizen science and in this way improve
their wellbeing [6]. Indeed, several authors are reporting change in perceptions, behaviour and increased awareness of participants in such type of
studies [7-11]. There is, however, still quite a few
drawbacks in the current state of the art that have to
be considered when using such devices. One of the
most important disadvantages is the fact that most of
the available low-cost technologies for air quality are

KEYWORDS:
Air Quality, Exposure, Sensors, Activity Patterns, UserExperience
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population (e.g. asthmatics, children and elderly). To
this end, various recruitment methods were used,
from advertisements at thematic public events,
through social-media and using respective stakeholder networks previously established in individual
cities. Campaigns included both static samplers deployed at home and personal monitors for seven
days, including weekend, and were conducted in
summer and winter periods, in order to capture seasonal variation.
Based on a detailed review of scientific literature reporting applications of personal air quality
sensors and physical activity trackers, considering
their overall performance, including commercial
availability, were considered:
(i) the Indoor Air Quality uHoo monitor that
measured CO, CO2, VOCs, PM2.5, O3, NO2, temperature, relative humidity, and air pressure with minute
resolution;
(ii) a portable Arduino based IOT low-cost sensors to monitor personal exposure to particulate matter (referred to as PPM) developed within the ICARUS project and that provided PM concentration
data in one-minute resolution for three particle sizes:
<1 μm (PM1), <2.5 μm (PM2.5), and <10 μm (PM10);
(iii) commercially available smart activity
tracker (SAT), a Vívosmart 3 from Garmin International, which provided various physical activity related information, e.g. hearth rate, steps taken, calories “burned”, distance walked, and stress level with
one-minute resolution;
(iv) silicon wristband that passively absorbs a
wide range of organic chemicals (e.g. polycyclic aromatic hydrocarbons, pesticides, and flame retardants) from the participants’ surroundings.

still in testing phase and without clearly demonstrated fitness for purpose.
ICARUS sampling campaigns (winter-heating
and summer-non-heating) took place in seven European cities, and aimed at characterization of urban
population exposure to air pollutants, using a combination of exposure monitoring devices, questionnaires and time activity diaries. Altogether, several
hundred participants were recruited in these cities,
comprising individuals of all ages and various socioeconomic groups. Specific objectives of these campaigns were to: (i) collect data on external environmental exposure and exposure determinants by combining location, activity and air pollution data in different micro-environments, (ii) demonstrate feasibility of using new sensor and mobile technologies in
collecting exposure data, and (iii) analyse and compare exposure data in several different European cities. Here we report on the overall experience gained
during the implementation of these campaigns.

MATERIALS AND METHODS
Sampling campaigns were conducted in cities
of variable sizes starting from relatively small (Basel, Brno, Ljubljana) to mid-size (Thessaloniki) and
large cities (Athens, Milan and Madrid). The cities
were selected to represent the mix of urban settings
around Europe and to cover a wide range of environmental issues and spectrum of “green urban management”.
A schematic outline of the ICARUS sampling
campaign is shown in Figure 1. Each participating
city targeted about 100 individuals of all ages and
socio-economic groups to be involved in the camping, with a focus on including vulnerable groups of

FIGURE 1
Schematic outline of the ICARUS sampling campaign
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collected was also considered, and only the sensors
with performance previously evaluated and reported
were considered. Another important aspect was the
cost, as each campaign city had a large number of
volunteers. In terms of data collection and transfer
protocols, high-resolution collection, transmitting
and storing of data was requested. From the participant’s perspective, it was considered important for
sensors to be unobtrusive to the wearer, (i.e. not attracting attention) and robust (i.e. could be used repeatedly with a low failure rate, and to have longer
battery life). Moreover, sensors were expected to be
user-friendly enough for a non-scientifically trained
individual to use it correctly.

In addition to sensors, two questionnaires were
distributed among participants in the beginning of
the campaign. The first one gathered information for
each participant on personal demographics, living
habits, medical and socio-economic information,
while the second one, for each household, was more
focused on the type and specifics of their dwelling
and technical specifications such as insulation, heating system, ventilation. Other information such as
location, neighbourhood, green spaces, traffic, and
noise were also considered. During the campaign,
participants were also asked to record information on
the type of microenvironment (home, office, work,
and means of transport), activity (leisure, sleep,
sports, work, cooking, cleaning) and indoors conditions (ventilation, use of candles or fireplace) by using a time-activity diary (TAD) with one-hour resolution.
Initially, participants were given an information leaflet, explaining the study’s aims and objectives. All the tools were explained and demonstrated during the first visit by researchers, and the
participants were given an opportunity to ask questions prior to providing consent for themselves
and/or their child to participate in the study by means
of a signed consent form.
None of the data collected was accessible by
the participants during the campaign in order to not
influence their usual daily routine and behavioural
patterns. The local researchers, who were available
throughout the campaigns via phone and email for
trouble shooting or additional questions, were regularly checking the data that was uploaded on the purpose-designed ICARUS data portal.
Through the internet of things and taking advantage of WiFi and LoRaWAN communication
protocols, data from connected devices were wirelessly uploaded and synchronized to an online data
collection platform. At the end of the campaigns,
data were then compiled, aggregated and visualised
for individual participants in a form of a final report.
The participants were consulted in designing the reports in order for them to be understood. Throughout
the campaign, user experience of participants and
field workers was also observed and collected.

ICARUS campaigns in numbers: Recruitment rate varied between the cities and seasons (Table 1), and so were the number of the involved
households (16-55) and the duration of individual
campaigns (20-45 days). Across all the cities, over
600 participants from over 250 households participated. In terms of gender, participation was well balanced in all the cities. Similarly, both children and
elderly were involved, representing over one quarter
of participants in some of the campaigns. Typically,
turnout was slightly lower during the second season.
The most common reasons stated to abandon the
study were limited number of devices, lack of time
and unsatisfactory user experience. Throughout the
campaign, the interaction between researchers and
volunteers was very intense. As an example, in Brno
during the first campaign, almost 1,200 e-mails were
exchanged, more than 140 telephone conversations
took place and over 400 text messages were sent.
Data harmonisation, ICT infrastructure and
generation of individual reports: A multi-platform
data collection tool – the ICARUS platform [12] stored, managed and analysed all data coming from
different devices, providing an interpretation of the
data using advanced statistical methods, sophisticated data mining techniques, computing power as
well as a careful sharing of data sources while also
maintaining privacy protections for personal data. A
user-friendly interface allowed exploration and extraction of data by researchers. Each campaign (city
and season) had participants and households assigned to it, which in turn had all the devices assigned to them. This facilitated a clear overview of
the data and allowed the identification of the relevant
data points quicker and more accurately. The tool offered several options for retrieving the data to a local
device, including downloading the entire campaign
or just a small section of data from one single device.
These data then served for generation of individualized reports that were provided to each participant,
with detailed descriptions of the inputs, and visuali-

RESULTS AND DISCUSSION
Sensors selection and evaluation: Selection
of sensors was conducted considering the perspective and the needs of both researchers and participants. The following criteria were established to select the devices. Sensors that measure several air pollutants and include additional parameters such as
temperature, humidity and location can help during
interpretation/post-processing of signals from lowcost sensors. Portability as well as reliability of data
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zations, which offered the participants a clearer representation of the data. Data from each device were
visualized in several plots, depending on the context.
For example, T, RH and AQ data were visualized
with time series line plots with ribbons presenting
"optimal" values, while the three most relevant indoor gaseous air quality parameters - CO2, NO2 and
TVOC - were visualized with heatmaps with each
cell representing an hourly average, and coloured
relatively to all the other measurements in that time
frame. Due to accuracy issues with this device, a decision was made to not show absolute values as this
could lead to misleading message for the participant.
A representation of relative differences via heatmap
offered insight into their individual actions and how
they affect the concentrations of each pollutant, e.g.,
opening a window near a busy road would reduce
CO2 concentrations and increase NO2. The PM concentrations and heart rate were visualized with timeseries point plots, one plot for each PM size and heart
rate values. Activities collected from the TADs were
also visualized in these same plots by colouring each
point according to the specific activity (Figure 2).
This offered the participant an option to research
possible visible correlations between their activities
and PM concentrations, while also taking account of
their heart rate which would increase the intake of
PM [13]. An average daily concentration of PM was
also calculated and provided in plots for summer and
winter together. Participants could then see how
their PM concentrations change from day to day during the week, and also observe the difference between both seasons. The report compilation was
done automatically by using the markdown library
with R in R studio (r-project.org) which allowed
each report to be individualized while still making
the process automatic and in turn significantly
speeded up the process.

majority of the participants were very satisfied about
the way the study was organised and implemented.
During the campaign, some of them shared pictures
demonstrating their participation on social media.
They assessed the duration of the campaign as appropriate and, with rare exceptions, were prepared to
participate in the second season as well. Of the sensors, they were most impressed by the Garmin smartwatch, especially the children were very enthusiastic
about the cooperation due to the possibility of using
it. Practically all participants expressed a desire to
receive individual reports, which they mostly assessed as appropriate and understandable upon receiving it. On the other hand, quite a few volunteers
complained about the size and ergonomics of the
PPM sensor, which they also often forgot at home or
forgot to charge. There was also some misunderstanding about the purpose and functionality of the
silicone wristband. Furthermore, most participants
found the completion of TAD time consuming or did
not fully understand it. Thus, some people did not
complete it, while others suggested a diary that
would allow indication of more detailed time steps.
Some specific questions in the questionnaires were
considered redundant. Moreover, few participants
complained over the fact that they were not able to
see the real-time data during the study.
The field workers were very pleased with the
detailed instructions and training provided at the beginning regarding implementation and management
of the campaigns. Thus, they could easily answer all
the questions raised by participants, including those
related to the GDPR (General Data Protection Regulation). Similar to the volunteers, they were less enthusiastic about the technical problems with individual sensors leading to data gaps, especially PPM
(e.g. inactive sensors in the platform, loose connections, empty or no log files), which in turn increased
the need for communication with the volunteers.

Feasibility evaluation including user experience of participants and field workers: Overall,

Athens (W)

Athens (S)

Basel (W)

Basel (S)

Brno (W)

Brno (S)

Ljubljana (W)

Ljubljana (S)

Madrid (W)

Madrid (S)

Milan (W)

Milan (S)

Thessaloniki (W)

Thessaloniki (S)

TABLE 1
General statistics on participation in the campaign in individual ICARUS city during winter (W) and
summer (S) campaign

No. of Participants
Female
Male
Age
Children (<18)
Adults (18-65)
Elderly (>65)
No. of Households

100
47
53

90
44
46

46
23
22

48
25
23

86
42
28

45
24
21

75
36
39

78
36
42

112
46
54

98
48
50

89
50
39

65
34
22

85
47
38

50
28
22

25
68
7
34

21
63
6
31

0
43
3
36

0
46
2
36

16
70
0
36

0
45
0
24

10
62
3
49

13
61
4
46

6
66
28
55

7
69
22
50

21
62
6
38

9
53
3
30

27
57
1
25

14
36
0
16

Campaign Duration (days)

45
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32

28

24

32
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34

31

27

21

20

25

-
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FIGURE 2
Example of figures on individual exposure to PM2.5 provided within the report to the
participant’s assessment results.
- Data fusion and harmonization from low-cost
devices proved to be challenging due to data gaps,
inconsistent time stamps, heterogeneous data logging protocols, in addition to human errors from
manually recording activities and operating with the
devices. A novel approach of data fusion to facilitate
data visualization and representation was employed
[15] which achieved a uniform consistency of report
generation while also significantly reducing time
used for report preparation and allowing each report
to be individually tailored to each participant, to a
certain degree.
- While preparing the reports for the participants, the following has to be considered: (i) uncertainties related to data coming from low-cost sensing
devices have to be clearly defined and explained; (ii)
it has to be assumed that the reader is a layman in
terms of air pollution and its impact on health, and
therefore (iii) reports must be brief enough and concise, as too much information can create distraction;
iv) consulting participants during report design (exchange between participants and researchers) ensures report comprehension.

CONCLUSION
To our best knowledge, the ICARUS campaign
is the most comprehensive study of its kind, carried
out in such a large number of diverse cities and with
such a large number of participants. Based on the experience gained during the implementation of the
campaigns, the following should be emphasized:
- Recruiting households increases the age profile
of the participant pool, enabling the inclusion of children and elderly.
- The selected tools should be easy to use and not
cause disturbance in participant’s daily lives.
- Prior preparations of field workers, including
providing them with detailed technical instructions
as well as scripts to refer to when visiting participants ensures smooth campaigns and ensures they
know how to answer all questions and solve issues
on the fly.
- The flexibility to organize the volunteer campaigns together with the collaborative approach to
share the devices among the cities, reduce the risk
and promotes the information exchange among participants. Extending the campaign period enables a
larger number of participants than simultaneously
deployed campaigns.
- Data gathered in this way enable new community level knowledge generation and up-scaling of
the results through a diverse set of modelling tools,
including Agent based modelling [14] which offers
an upgrade on static approaches to modelling on an
urban scale.
- Low-cost portable or wearable sensors allowed
the collection of highly granular spatio-temporal
data, though it was accompanied with several issues
that are characteristic to low-cost devices, such as
frequent data gaps, unreliable data streams, inaccurate measurements at low concentrations, etc.
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LQFUHDVLQJXUEDQL]DWLRQDQGJURZLQJPRELOLW\QHHGV
EXW UHVHDUFKHUV HQMR\ WKH DGYDQWDJH RI DFFHVVLQJ
QHZPDVVLYHGDWDEDVHV HJELJGDWDFRPSLOHGIURP
WKRXVDQGVRIGHYLFHVDQGVHQVRUV GLVUXSWLYHLQQR
YDWLRQ HJ8EHU DQGWKHDFWLYHHQJDJHPHQWRISRO
LF\PDNHUVLQLPSURYLQJWKHXUEDQHQYLURQPHQW HJ
ORZHPLVVLRQVXUEDQDUHDV ,QWKLVKLJKO\G\QDPLF
FRQWH[W DGGUHVVLQJ JOREDO FKDOOHQJHV DW FLW\ OHYHO
VXFKDVDLUTXDOLW\UHTXLUHVPHWKRGRORJLHVWKDWFDQ
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ZLOOSURYLGHWKHHPSLULFDOIRFXVRIWKLVUHVHDUFK0D
GULGLVWKHODUJHVWFLW\LQ6SDLQUHDFKLQJDSRSXODWLRQ
RILQ ZRPHQ!\
 7KHRYHUDOOSRSXODWLRQLQFUHDVHVWRPLOOLRQ
LIWKHPHWURSROLWDQDUHDLVFRQVLGHUHG NPðGHQ
VLW\LQKDELWDQWVNPð >@
7KHFLW\RI0DGULGRUJDQL]HDORQJWZRPDLQXU
EDQL]DWLRQ DUHDV DQ LQQHU ULQJ DQG RXWHU ULQJ7KH
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:HVWDUHDVRIWKHUHJLRQDORQJWKHPDLQFRPPXQL
FDWLRQURXWHVOHDGLQJRXWRIWKHFLW\$VFRQVHTXHQFH
WKHUHLVVLJQLILFDQWIORZRIFRPPXWHUVIURPWKHVXE
XUEVWR0DGULG&LW\WRSHUIRUPXVXDOGDLO\DFWLYLWLHV
7KHFLW\KROGVDQHIILFLHQWSXEOLFWUDQVSRUWQHWZRUN
KRZHYHUPRVWRIWKHGD\VWKHUHLVLQWHQVHURDGWUDI
ILFDFURVVWKHPHWURSROLWDQDUHD PLOOLRQMRXUQH\V
RQ D W\SLFDO ZHHNGD\  7UDIILF FRQJHVWLRQ FDQ EH
FRPHVHYHUHLQWKHFLW\OHDGLQJWRLQFUHDVLQJOHYHOV
RI QRLVH DQG DLU SROOXWDQWV HPLVVLRQV HJ 12 
7KHUHIRUHDFWLRQVDQGSODQVSURPRWLQJORZHUWUDIILF
HPLVVLRQOHYHOVDUHRISDUDPRXQWLPSRUWDQFHIRUWKH
FLW\RI0DGULGWRLPSURYHDLUTXDOLW\DQGUHGXFHFLW
L]HQ¶V H[SRVXUH WR KDUPIXO SROOXWDQWV$Q H[DPSOH
ZDVWKHVRFDOOHG3ODQ$ZKLFKFRQWDLQVIRXUVWUDWH
JLFSURJUDPVVXVWDLQDEOHPRELOLW\XUEDQUHJHQHUD
WLRQFOLPDWHFKDQJHDGDSWDWLRQDQGFLWL]HQDZDUH
QHVVUDLVLQJ7KHVHSURJUDPVLQFOXGHGDZLGHYDULHW\
RISROLFLHVVXFKDVSHGHVWULDQL]DWLRQRIDUHDVLPSOH
PHQWDWLRQRID/RZ(PLVVLRQ=RQHXVHRIUHQHZD
EOH HQHUJLHV HQYLURQPHQWDO DZDUHQHVV QHLJKERU
KRRG UHKDELOLWDWLRQ HWF 7KH SHULRG IRU WKH LPSOH
PHQWDWLRQ RI ³3ODQ $´ FRQVLGHUHG WZR KRUL]RQV
 IRU WKH DFKLHYHPHQW RI WKH DLU TXDOLW\ /LPLW
9DOXHVUHTXLUHGE\(8OHJLVODWLRQDQGDORQJHUWLPH
KRUL]RQ   IRU WKH QHFHVVDU\ HQHUJ\ WUDQVLWLRQ
DQGFRQVROLGDWLRQRIDORZHPLVVLRQFLW\PRGHO)L
QDOO\ LW LV ZRUWK PHQWLRQLQJ WKDW WKH RYHUDOO JUHHQ
VSDFHSHUSHUVRQLQ0DGULGLVVTXDUHPHWHUV
&DVDGH&DPSR(O5HWLUR3DUNDQG0DGULG5tRDUH
0DGULG¶VEHVWNQRZQJUHHQDUHDVEXWDOPRVWHYHU\
QHLJKERUKRRGLQWKHFLW\KDVLWVRZQSDUNVTXDUHRU
FRPPXQLW\JDUGHQIRUFLWL]HQVWRSUDFWLFHOHLVXUHDQG
SK\VLFDODFWLYLWLHV

5HVHDUFK GHVLJQ $ G\QDPLF FROODERUDWLYH
SURFHVV FRPELQLQJ PXOWLSOH TXDOLWDWLYH WHFKQLTXHV
ZDVGHYHORSHG7KLVUHVHDUFKGHVLJQLQFOXGHGDOLW
HUDWXUH UHYLHZ VHPLVWUXFWXUHG LQWHUYLHZV DQG D
SDUWLFLSDWRU\ZRUNVKRS
7KHFROODERUDWLYHPHWKRGRORJ\LVDERWWRPXS
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DSSURDFKZKHUHH[SHUWVIURPGLIIHUHQWJURXSVRILQ
WHUHVWDQGSROLF\PDNHUVFRXOGHODERUDWHDQGUHILQH
IXWXUHYLVLRQVRQJUHHQHUVPDUWHUDQGKHDOWKLHUFLW
LHV 7KH LPSOHPHQWDWLRQ LV KLJKO\ G\QDPLF DQG
HYROYHVIURPSUHOLPLQDU\OLWHUDWXUHUHYLHZDQGVHPL
VWUXFWXUH LQWHUYLHZV WR VSHFLILF SDUWLFLSDWRU\ ZRUN
VKRSVPDLQO\IRFXVHGRQSROLF\PDNHUVYLHZV'XU
LQJ WKH SURFHVV WKH SDUWLFLSDQWV FDQ PHHW IDFHWR
IDFHSURPRWLQJWUDQVSDUHQF\LQPXWXDOGLVFXVVLRQV
DQGDJUHHPHQWGXULQJHODERUDWLRQDQGUHILQHPHQWRI
IXWXUHVFHQDULRV
7KHPHWKRGRORJ\LVGLYLGHGLQWRIRXUVHTXHQ
WLDOSKDVHV )LJXUH 
L /LWHUDWXUHUHYLHZWRLGHQWLI\IXWXUHWUHQGVRQ
JUHHQDQGKHDOWK\FLWLHV
LL 6HPLVWUXFWXUHGLQWHUYLHZVWRDGGH[SHUWV
SRLQWVRIYLHZ
LLL )DFHWRIDFHZRUNVKRSWRGLVFXVVDQGHODE
RUDWHORQJHUWHUPQDUUDWLYHV
LY 3ULRULWL]DWLRQ RI IXWXUH QDUUDWLYHV XVLQJ
PXOWLFULWHULD DQDO\VLV 7KH UHPLQGHU RI WKLV GRFX
PHQW ZLOO SURYLGH DQ LQGHSWK GLVFXVVLRQ RQ WKRVH
PHWKRGRORJLFDOSKDVHV
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7KHILUVWPHWKRGRORJLFDOSKDVHZDVDOLWHUDWXUH
UHYLHZ RQ IXWXUH WUHQGV RQ JUHHQHU VPDUWHU DQG
KHDOWKLHUFLWLHV HJUROHRIDXWRQRPRXVYHKLFOHVXU
EDQ FRPSDFWQHVV HWF  7KH UHYLHZ LQFOXGHG DFD
GHPLF DUWLFOHV DQG SURIHVVLRQDO H[SHULHQFHV ZRUOG
ZLGH7KHIXWXUHWUHQGVZHUHFRGLILHGDQGDQDO\]HG
SULRU WR EH XVHG LQ WKH VXEVHTXHQW PHWKRGRORJLFDO
SKDVHV&XUUHQWXUEDQSODQVDQGHQYLURQPHQWDOSUR
JUDPVFRQVLGHUHGIRUWKHFDVHVWXG\ HJXUEDQGH
YHORSPHQW DLU TXDOLW\ LQIUDVWUXFWXUHV QHZ LQYHVW
PHQWVHWF 7KHLQIRUPDWLRQWRGHWHUPLQHEXVLQHVV
DVXVXDO SURMHFWLRQ DV ZHOO DV WR LGHQWLI\ IXWXUH
WUHQGV FDQ EH ERWK SODXVLEOH DQG UHOLDEOH )XUWKHU
PRUHWKHFRPELQDWLRQRIJHQHUDOOLWHUDWXUHZLWKOR
FDOXUEDQSODQVZLOOJXDUDQWHHDEDODQFHEHWZHHQWKH
LGHQWLILFDWLRQ RI PRUH GLVUXSWLYH IXWXUH VFHQDULRV
DQGSODXVLEOHIXWXUHWUHQGV,QWKHFLW\RI0DGULGWKH
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PHQWLRQHG 3ODQ$ ZDV FRQVLGHUHG GXULQJ WKH SUR
FHVV7KHOLWHUDWXUHUHYLHZPDLQRXWFRPHVZHUHXVHG
WRLGHQWLI\DVHWRIIXWXUHGULYHUVWKDWZLOOEHWKHEDVLV
IRUWKHQH[WPHWKRGRORJLFDOVWHSV
7KH VHFRQG PHWKRGRORJLFDO SKDVH JDWKHUV WKH
LQIRUPDWLRQREWDLQHGGXULQJWKHVHPLVWUXFWXUHGLQ
WHUYLHZVSKDVHWRDYDULHW\RIORFDOVWDNHKROGHUV7KH
LGHQWLILHGIXWXUHGULYHUVDUHWKHEDVLVWRFRQGXFWWKH
LQWHUYLHZV VR WKH PRUH IUHTXHQWO\ WUHQGV DSSHDUHG
GXULQJ WKH OLWHUDWXUH UHYLHZ VKRXOG EH FRQVLGHUHG
0RUHRYHU WKH VHPLVWUXFWXUHG LQWHUYLHZV DSSURDFK
SURYLGHDQRSHQVFHQDULREXLOGLQJSURFHVVZKHUHWKH
RUJDQL]HUKDVDVHULHVRIJHQHUDOTXHVWLRQVDVZHOODV
WKHDELOLW\WRDVNPRUHGHWDLOHGTXHVWLRQVLQUHVSRQVH
WRVLJQLILFDQWUHSOLHV7KHLQWHUYLHZVZHUHUHFRUGHG
DQGFRGLILHGWRPDWFKZLWKWKHIXWXUHWUHQGVLGHQWL
ILHGGXULQJPHWKRGRORJLFDOSKDVH'XULQJWKHLQ
WHUYLHZWKHSDUWLFLSDQWVDQVZHUHGDVHWRIRSHQTXHV
WLRQV DFFRUGLQJ WR WKH IROORZLQJ VWUXFWXUH ³:KDW
W\SHRIIXWXUHGR\RXGHVLUHLQWHUPVRI« LQFRUSR
UDWH KHUH IXWXUH GULYHUV LGHQWLILHG LQ WKH SUHYLRXV
PHWKRGRORJLFDOSKDVH)RUH[DPSOH L 0RGDOVKLIW
DQGWUDYHOEHKDYLRU LL WHFKQRORJLFDOFKDQJHV LLL 
DFFHVVLELOLW\DQGSODQQLQJHWF IRUWKHFLW\RI0D
GULGE\
:KHQQHFHVVDU\WKHVHTXHVWLRQVZHUHIROORZHG
XS ZLWK FODULI\LQJ TXHVWLRQV RI ZK\ DQG ZKHQ DV
ZHOO DV RWKHU FODULI\LQJZRUGV DV ELRIXHOVHZRUN
LQJUHDFKLQJGDLO\GHVWLQDWLRQVHWF(DFKLQWHUYLHZ
VHVVLRQSODQQHGQRWWRH[FHHGPLQXWHVORQJDQG
UHFRUGHGIRUIXUWKHUDQDO\VLV$WWKHHQGRIWKHVHPL
VWUXFWXUHG LQWHUYLHZ SDUWLFLSDQWV ZHUH HQFRXUDJHG
WRDGGDQ\RWKHUUHPDUNVWKH\FRQVLGHUHGUHOHYDQWIRU
WKHIXWXUHRIFLWLHV
$WRWDORIORFDOH[SHUWVDQGUHSUHVHQWDWLYHV
IURPFLWL]HQVLQFOXGLQJNH\VWDNHKROGHUVDLUTXDOLW\
DQGVXVWDLQDEOHPRELOLW\H[SHUWV1*2VFLWL]HQVDV
VRFLDWLRQV DXWRPRWLYH LQGXVWU\ SDUWLFLSDWHG LQ WKH
LQWHUYLHZVSKDVHFHOHEUDWHLQWKHFLW\RI0DGULG7KH
VHPLVWUXFWXUHG LQWHUYLHZV ZHUH FRQGXFWHG LQ 0D\
7KHOLVWRISDUWLFLSDQWVLVQRWVKRZQE\UHDVRQV
RIHWKLFDOLVVXHVDQGLQGLYLGXDOGDWDSURWHFWLRQ
7KHWKLUGPHWKRGRORJLFDOSKDVHLVGHVLJQHGDV
SDUWLFLSDWRU\ZRUNVKRSVWKDWZLOOXVHWKHVHPLVWUXF
WXUHGLQWHUYLHZV¶RXWFRPHVWREXLOGIRXUORQJWHUP
IXWXUH QDUUDWLYHV IRU WKH FLW\ RI 0DGULG $V PHQ
WLRQHG WKLV PHWKRGRORJLFDO SKDVH ZDV RSHUDWLRQDO
L]HG WKURXJK D ZRUNVKRS ZKHUH RQO\ ORFDO SROLF\
PDNHUV PXVW EH LQYROYHG  /RFDO SROLF\PDNHUV
FRXOGPHHWIDFHWRIDFHWRDFKLHYHWKHVHJRDOV L 7R
LGHQWLI\ WKH WZR PRUH UHOHYDQW IXWXUH WUHQGV IURP
VHPLVWUXFWXUHG LQWHUYLHZV WKDW FDQ OHDG WR IXWXUH
QDUUDWLYHGHVFULSWLRQV LL 7RHODERUDWHIXWXUHQDUUD
WLYHVRQJUHHQDQGKHDOWK\FLWLHVIRUHDFKFDVHVWXG\
$WRWDORISDUWLFLSDQWVWRRNILQDOO\SDUWLQWKH
ZRUNVKRSUHSUHVHQWLQJDZLGHUUDQJHRIORFDOSRO
LF\PDNHUV LQYROYHG LQ FLW\ SODQQLQJ DQG SXEOLF
KHDOWKLVVXHV2QHPHPEHURIWKHUHVHDUFKWHDPHQ
UROOHGDV³IDFLOLWDWRU´DQGWKHUHVWRIWHDPDFWHGDV
REVHUYHUV7KHGXUDWLRQRIWKHZRUNVKRSZDVIOH[LEOH
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LWRYHUODVWDSSUR[LPDWHO\KGLYLGHGLQWRWZR
FRQVHFXWLYHSHULRGVZLWKDEUHDNDPRQJWKHP 7KH
ZRUNVKRS HQWLWOHG ³3DUWLFLSDWRU\ ZRUNVKRS 7R
ZDUGVDEHWWHUVXVWDLQDEOHDQGKHDOWK\FLW\'HVLJQ
RIIXWXUHVFHQDULRVIRU0DGULG´ZDVKHOGLQ0DGULG
DQGKRVWHGE\WKH,6&,,,RQWK-XQH
'XULQJWKHILUVWSDUWRIWKHSDUWLFLSDWRU\ZRUN
VKRSWKHIDFLOLWDWRUSUHVHQWHGWRORFDOSROLF\PDNHUV
WKH RXWFRPHV REWDLQHG GXULQJ WKH PHWKRGRORJLFDO
SKDVHV  DQG7KLVZDV DOLVW RI IXWXUH WUHQGV RQ
JUHHQHUVPDUWHUDQGKHDOWKLHUFLWLHVIRUWKHFLW\RI
0DGULG:RUNVKRSSDUWLFLSDQWVZHUHHQFRXUDJHGWR
UDQNWKRVHIXWXUHWUHQGVVHOHFWLQJWKHWZRPRVWUHOH
YDQWIRUWKHFDVHVWXG\7KHIDFLOLWDWRUHQDEOHGWXUQ
WDNLQJHQVXULQJWKDWWKHRSLQLRQVRIDOOSDUWLFLSDQWV
ZHUH LQFOXGHG )XUWKHUPRUH LOOXVWUDWLRQV RQ IXWXUH
WUHQGVZHUHVKRZQZKHQQHFHVVDU\'XULQJWKHVHF
RQGSDUWRIWKHZRUNVKRSIRXUQDUUDWLYHVRQIXWXUH
YLVLRQVZHUHHODERUDWHGE\SDUWLFLSDQWVXVLQJWKHWZR
IXWXUHWUHQGVLGHQWLILHGLQWKHILUVWSDUWRIWKHZRUN
VKRS7RGRWKDWDFURVVD[LVPHWKRGRORJ\ZDVXVHG
>@ )LJXUH 



),*85(
&URVVD[LVVFKHPHIRUHODERUDWLQJIXWXUHQDUUD
WLYHVRQJUHHQDQGKHDOWK\FLWLHV

)LQDOO\ WKH PHWKRGRORJLFDO SKDVH  ZDV IR
FXVHGRQDSSO\LQJDPXOWLFULWHULDDQDO\VLV 0&$ WR
SULRULWL]HDQGUDQNWKHIRXUORQJWHUPQDUUDWLYHVRE
WDLQHG LQ WKH SUHYLRXV PHWKRGRORJLFDO SKDVH 7KLV
ZDVPDGHGXULQJWKHWKLUGSDUWRIWKHSDUWLFLSDWRU\
ZRUNVKRS SUHYLRXVO\ GHVFULEHG 7KH SDUWLFLSDQWV
ZHUHDVNHGWRILOORXWD0&$TXHVWLRQQDLUH4XHV
WLRQVZHUHIRFXVHGRQWKHLUSHUFHSWLRQVRIZKLFKQDU
UDWLYHVZRXOGJHQHUDWHPRUHSRVLWLYHLPSDFWVIRUHQ
YLURQPHQWHFRQRPLFVDQGVRFLHW\
7KH$QDO\WLF+LHUDUFK\3URFHVV $+3 GHYHO
RSHGE\6DDW\>@ZDVXVHGWRSURFHVVLQIRUPDWLRQ
IURP TXHVWLRQQDLUHV 7KH $+3 PHWKRG KDV EHHQ
ZLGHO\ XVHG LQ WKH WUDQVSRUWILHOG WR UDQN WUDQVSRUW
DOWHUQDWLYHVLQFRPSOH[GHFLVLRQPDNLQJSURFHVVHV
,W LV XVHIXO WR HOLFLW LQGLYLGXDO SUHIHUHQFHV WKDW DUH
WKHQDJJUHJDWHGLQWRDFROOHFWLYHGHFLVLRQ,WLVXVHG
WRGHULYHUDWLRVFDOHVIURPERWKGLVFUHWHDQGFRQWLQ
XRXV SDLUHG FRPSDULVRQV RI VXVWDLQDELOLW\ LPSDFW
FDWHJRULHV
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7KHVH FRPSDULVRQV ZHUH WDNHQ IURP D QLQH
SRLQW VFDOH ZKLFK UHIOHFWV WKH UHODWLYH VWUHQJWK RI
SUHIHUHQFHV DQG IHHOLQJV RI SROLF\PDNHUV RQ WKH
OLNHOLKRRGWKDWVSHFLILFLPSDFWVIURPHDFKFDWHJRU\
FDQEHJHQHUDWHGE\WKHIRXUQDUUDWLYHV'XULQJWKH
SURFHVVIRXUSDLUZLVHPDWULFHV HQYLURQPHQWDOVR
FLDOHFRQRPLFDQGJOREDOPDWUL[ ZHUHREWDLQHGIRU
HDFK IXWXUH QDUUDWLYH DQG WUDQVIRUPHG LQWR SULRULW\
YHFWRUV 7KH FRPELQDWLRQ RI SULRULW\ YHFWRUV SUR
YLGHG ZHLJKWV WR UDQN WKH LPSDFWV H[SHFWHG WR EH
JHQHUDWHGE\HDFKQDUUDWLYH7KHQDUUDWLYHZLWKWKH
KLJKHVWZHLJKWZLOOEHILQDOO\SULRULWL]HGIRUWKHFLW\
RI0DGULG
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5HVSRQVHV REWDLQHG IURP WKH VHPLVWUXFWXUHG
LQWHUYLHZ ZHUH FODVVLILHG IROORZLQJ D V\VWHPDWLF
FRGLQJ SURFHVV UHVXOWLQJ LQ  GLIIHUHQW FRGHV
6XFK FRGHV ZHUH FODVVLILHG XVLQJ VHYHUDO FRGLILFD
WLRQ URXQGV 2Q RQH KDQG FRGHV UHODWHG WR XUEDQ
SODQQLQJ LVVXHV ZHUH V\VWHPDWLFDOO\ VWXGLHG DQG
FRPSDUHG )LJXUH   0RVW RI WKH UHVSRQVHV KLJK
OLJKWHGWKHGHVLUHRIWKHVWDNHKROGHUVLQDFKLHYLQJD
FRPSDFWKLJKO\GLYHUVHDQGJUHHQHUFLW\ZKHUHWKH
GLVWDQFHEHWZHHQUHVLGHQWLDODUHDVDQGPDLQFLW\GHV
WLQDWLRQVZHUHUHGXFHGDQGPRUHVRFLDOL]DWLRQVSDFHV
DFURVVQHLJKERUKRRGVZHUHEXLOW
2QWKHRWKHUKDQGFRGHVUHODWHGWRXUEDQPR
ELOLW\ ZHUH DOVR DQDO\]HG DQG V\VWHPDWLFDOO\ FRP
SDUHG )LJXUH 7KHREWDLQHGUHVXOWVSRLQWRXWWKH
VWDNHKROGHUVSUHIHUHQFHVIRULQFUHDVLQJWKHHOHFWULIL
FDWLRQSURFHVVRIYHKLFOHVHQKDQFHSXEOLFWUDQVSRUW
V\VWHPV DQG SURPRWH PRELOLW\VKDULQJ SODWIRUPV
&DUUHVWULFWLRQVLQFLW\FHQWUDODUHDVZDVDOVRDWRSLF
KLJKO\ GLVFXVVHG GXULQJ WKH LQWHUYLHZV HVSHFLDOO\
EHFDXVHRI0DGULG3ODQ$DFWLRQVDQGWKHVRFLDOFRQ
WURYHUV\HPHUJHG$WWKDWWLPHWKHXVHRIWHOHZRUN
LQJDQGVPDOOYHKLFOHVZHUHQRWFRQVLGHUHGUHOHYDQW
E\SDUWLFLSDQWV
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%DVHGRQWKHREWDLQHGUHVXOWVGXULQJWKHVHPL
VWUXFWXUHG LQWHUYLHZV WZR PDLQ IXWXUHGULYHUVZHUH
LGHQWLILHGWRHVWDEOLVKWKHIXWXUHYLVLRQV )LJXUH 
7KLV ZDV PDGH GXULQJ WKH SDUWLFLSDWRU\ ZRUNVKRS
PDGHZLWKORFDOSROLF\PDNHUV7KHWZRPDLQIX
WXUHVWUHQGVZHUH
L /HYHORIPXOWLIXQFWLRQDOLW\LQ0DGULG
LL  (OHFWULILFDWLRQ DQG SXEOLF WUDQVSRUW GRWD
WLRQ
7KHZRUNVKRSZDVUHFRUGHGDQGWKHQDUUDWLYHV
IRU WKH IRXU IXWXUH VFHQDULRV E\  ZHUH ILQDOO\
HODERUDWHG
6FHQDULR³7KHFDUSDUDGLVH´EDVHGRQDVLW
XDWLRQ ZKHUH SULYDWH FDU ZLOO SUHGRPLQDWH DQG WKH
PXOWLIXQFWLRQDOOHYHORIWKHFLW\ZLOOEHYHU\KLJK
6FHQDULR³7KHORQJGLVWDQFHFLW\´IRUWKRVH
VLWXDWLRQVLQZKLFKWKHPXOWLIXQFWLRQOHYHORIWKHFLW\
ZLOOEHYHU\ORZDQGSULYDWHYHKLFOHVZLOOSUHGRPL
QDWH
6FHQDULR³7KHSXEOLFWUDQVSRUWSDUDGLVH´IRU
WKHVLWXDWLRQLQZKLFKSXEOLFWUDQVSRUWZLOOSUHGRP
LQDWHEXWODUJHGLVWDQFHVVKRXOGEHFRYHUHGGXHWR
WKHORZPXOWLIXQFWLRQDOOHYHORIWKHFLW\
6FHQDULR³7KHVORZFLW\´IRUWKHVLWXDWLRQLQ
ZKLFK SXEOLF WUDQVSRUW ZLOO SUHGRPLQDWH DQG WKH
PXOWLIXQFWLRQDOOHYHORIWKHFLW\ZLOOEHYHU\KLJK
0&$DQDO\VLVGXULQJWKHODVWSDUWRIWKHSDUWLF
LSDWRU\ZRUNVKRSVKRZHGWKDWWKHORQJWHUPQDUUD
WLYH³WKHVORZFLW\´ZDVVHHQDVWKHPRVWFRQYHQLHQW
IRU WKH FLW\ RI0DGULG DVZHOO DV WKH PRVW GHVLUHG
EHWZHHQSROLF\PDNHUVLQYROYHG
$VFDQEHVHHQLQ7DEOH³WKHVORZFLW\´QDU
UDWLYHZDVWKHEHVWVWUDWHJLFIXWXUHE\0DGULG
7KH H[SHFWHG HQYLURQPHQWDO VRFLDO DQG HFRQRPLF
LPSDFWVVFRUHGWKHEHVWUHFRUGV7KLVLVDOLJQHGZLWK
FXUUHQW ODQG XVH DQG WUDQVSRUW SODQQLQJ WUHQGV IR
FXVHGRQDFKLHYLQJWKHVRFDOOHGPLQXWHVFLWLHV
$GLUHFWFRQVHTXHQFHRIWKH³VORZFLW\PRGHO´LVWKH
VLJQLILFDQW LPSURYHPHQW LQ DLU TXDOLW\ E\ UHGXFLQJ
WUDIILFHPLVVLRQV
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8UEDQSODQFRGHVIURPVHPLVWUXFWXUHGLQWHUYLHZV
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7KLVSDSHUKDVGHYHORSHGDQRYHOFROODERUDWLYH
VFHQDULREXLOGLQJSURFHVVE\XVLQJWKHFLW\RI
0DGULG6SDLQDVFDVHVWXG\7KHSURFHVVKDVFRP
ELQHGWZRSDUWLFLSDWRU\WHFKQLTXHVVHPLVWUXFWXUHG
LQWHUYLHZVDQGDIDFHWRIDFHZRUNVKRSWRHODERUDWH
DQG UHILQH ORQJWHUP QDUUDWLYHV IRU IXWXUH YLVLRQV
)XUWKHUUHVHDUFKLVUHTXLUHGWRHVWDEOLVKSROLF\SDFN
DJHVDQGDFWLRQVWRDFKLHYHWKHGHVLUHGIXWXUHV&RO
ODERUDWLYHPHWKRGVLQYROYLQJDZLGHUDQJHRIVWDNH
KROGHUVKDVZRUNHGZHOO7KDWLQFRUSRUDWHVDPRUH
GHPRFUDWLFZD\RIWKLQNLQJRQGHVLUHGIXWXUHVUDWKHU

(FRQRPLFIDFWRUV
7KHVORZFLW\
7KHFDUSDUDGLVH
7KH37SDUDGLVH
7KHORQJGLVWDQFHFLW\

:HLJKW





WKDQDGHOLEHUDWLYHSURFHVVEDVHGH[FOXVLYHO\RQH[
SHUWNQRZOHGJH2QWKHRWKHUKDQGWKHYLVXDOL]DWLRQ
RIGHVLUHGIXWXUHVLVPRUHLQWXLWLYHO\LIDFFRXQWVIRU
SDUWLFLSDQWVH[SHULHQFHWKHFLW\RI0DGULGUDWKHUWKDQ
UHO\LQJVROHO\RQSURIHVVLRQDOYLHZV
7KH³VORZFLW\PRGHO´ZDVVHOHFWHGDVWKHEHVW
VFHQDULRIRUWKHFLW\RI0DGULGE\7KHVFHQDULR
SURPRWHV XUEDQ PRELOLW\ WKURXJKRXW DQ H[WHQGHG
SXEOLF WUDQVSRUW QHWZRUN ZLWKLQ D KLJK PXOWLIXQF
WLRQDOFLW\ZKHUHDOOWKHGDLO\DFWLYLWLHVZHUHEDVHG
RQSUR[LPLW\FULWHULD0RUHRYHUVLQFHWKHHQGRIWKLV
ZRUN DQG LWV SXEOLFDWLRQ D WRWDO XQH[SHFWHG JOREDO
SDQGHPLDRI6$56&29KDYHFRPSOHWHO\GLVUXS
WHG VRPH RI WKH DIRUHPHQWLRQHGQDUUDWLYHV,Q IDFW



E\3639ROXPH±1R$SDJHV

WKHJURZLQJLQFUHDVHLQWHOHZRUNLQJDQGWKHKLJKHU
GHPDQGVRQSUR[LPLW\VWRUHVFDQUHRULHQWWKHQDUUD
WLYHWRZDUGVDFLW\RISUR[LPLW\ZLWKUHGXFHGXVHRI
YHKLFOHVDQGSXEOLFWUDQVSRUWDWLRQ7KHUHIRUHWKHUH
GXFWLRQRIWUDIILFHPLVVLRQVFRXOGWDNHSODFHEHIRUH
H[SHFWHG +RZHYHU VRPH EHKDYLRXUDO FKDQJHV LQ
FRPPHUFLDORUOHLVXUHSDWWHUQVFDQDOVRKDYHDQHJD
WLYH LPSDFW RQ XUEDQ PRELOLW\ DQG DLU TXDOLW\ WKDW
QHHGWREHFRQVLGHUHG7KHUHIRUHWRDGGUHVVWKHIX
WXUHXQFHUWDLQW\WKHVFHQDULREXLOGLQJSURFFHVVDSOL
FDWLRQVDUHDXVHIXOWRROIRUSRO\PDNHUVWRIRUHFDVW
IXWXUHVFHQDULRVDQGLQFUHDVHWKHUHVSRQVLYHQHVVWR
FKDQJLQJVLWXDWLRQV


$&.12:/('*(0(176

7KLVZRUNZDVIXQGHGE\WKH(XURSHDQ8QLRQ¶V
+RUL]RQ3URJUDPPHIRUUHVHDUFKWHFKQRORJL
FDO GHYHORSPHQW DQG GHPRQVWUDWLRQ XQGHU JUDQW
DJUHHPHQW 1R  ,QWHJUDWHG &OLPDWH IRUFLQJ
DQG$LUSROOXWLRQ5HGXFWLRQLQ8UEDQ6\VWHPV ,&
$586 
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>@ *HHOV):6RYDFRRO%.6FKZDQHQ7DQG
6RUUHOO6  6RFLRWHFKQLFDOWUDQVLWLRQVIRU
GHHS GHFDUERQL]DWLRQ 6FLHQFH   

>@ +LFNPDQ 5 DQG %DQLVWHU '   )XWXUH
VFHQDULRV DQG VWUDWHJLF FRQYHUVDWLRQV ,Q
7UDQVSRUWFOLPDWHFKDQJHDQGWKHFLW\&KDSWHU
VWHGLWLRQ5RXWOHGJH/RQGRQ
>@ +LFNPDQ 5 $VKLUX 2 DQG %DQLVWHU '
 7UDQVSRUWDQGFOLPDWHFKDQJH6LPXODW
LQJWKHRSWLRQVIRUFDUERQUHGXFWLRQLQ/RQGRQ
7UDQVSRUW3ROLF\  
>@ 6RULD/DUD-$DQG%DQLVWHU' E &RO
ODERUDWLYHEDFNFDVWLQJIRUWUDQVSRUWSROLF\VFH
QDULREXLOGLQJ)XWXUHV
>@ 0DWWLOD 7 DQG $QWLNDLQHQ 5   %DFN
FDVWLQJVXVWDLQDEOHIUHLJKWWUDQVSRUWV\VWHPVIRU
(XURSH LQ  (QHUJ\ 3ROLF\    

>@ %HUWROLQL/  (YROXWLRQDU\XUEDQWUDQV
SRUWDWLRQ SODQQLQJ DQ H[SORUDWLRQ (QYLURQ
PHQWDO3ODQ$  ±
>@ &XUWLV&  ,QWHJUDWLQJODQGXVHZLWKSXE
OLFWUDQVSRUW7KHXVHRIDGLVFXUVLYHDFFHVVL
ELOLW\ WRRO WR LQIRUP PHWURSROLWDQ VSDWLDO SODQ
QLQJLQ3HUWK7UDQVS5HY  ±
>@ :LOOVRQ 5   $VVHVVLQJ FRPPXQLFDWLYH
UDWLRQDOLW\ DV D WUDQVSRUWDWLRQ SODQQLQJ SDUD
GLJP7UDQVSRUWDWLRQ  ±
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(VSDGD 0   ([SHULPHQWLQJ ZLWK
VFHQDULREXLOGLQJ QDUUDWLYHV WR LQWHJUDWH ODQG
XVHDQGWUDQVSRUW7UDQVSRUW3ROLF\
>@,QVWLWXWR 1DFLRQDO GH (VWDGLVWLFD ,1(  
0DGULGSRSXODWLRQ'DWD%DVHKWWSVZZZLQHHV
LQ6SDQLVK 
>@*OHQQ / DQG 'DYLGVRQ &   *XLGDQFH
IRUWUDQVSRUWSODQQLQJDQGSROLF\PDNLQJLQWKH
IDFHRIDQXQFHUWDLQIXWXUHª7UDQVSRUWDWLRQ5H
VHDUFK3DUW$3ROLF\DQG3UDFWLFH
>@6DDW\ 5 :   ©7KH DQDO\WLF KLHUDUFK\
SURFHVV²ZKDWLWLVDQGKRZLWLVXVHGª0DWKH
PDWLFDO0RGHOOLQJ  
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1DWLRQDO&HQWHUIRU(QYLURQPHQWDO+HDOWK
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and health impact assessment task depends upon results of this task. Support in data collection campaigns in both seasons (winter and summer). Each
ICARUS City partner had worked with their community office to conduct this data.

ABTRACT
A sensor campaign was conducted in Milan as
part of the H2020 project ICARUS (Integrated Climate forcing and Air pollution Reduction in Urban
Systems) in order to characterize the exposure to major air pollutants of the urban population. The campaigns involved more than 100 participants from
over 30 households. Utilizing spatio-temporal data
on air pollution and activity data collected from individuals, we were able to identify individual exposure profiles and summarize the information according to specific microenvironments and activities. All
participants received personal exposure reports. The
paper summarizes the general experience with conducting sampling campaigns in Milan, focusing on
the following aspects: sensor selection and evaluation, study design, data harmonization, establishment of the supporting information technology infrastructure, and overall feasibility assessment, including participant feedback.

MATERIALS AND METHODS

It is important to note that the sample was taken
in Milan City, which has been selected carefully to
represent a blend of urban contexts across the city
and is representative of a wide range of environmental issues and all age groups, including the young, the
old, and the females and men.
A total of 100 individuals from all age groups
and socioeconomic backgrounds were sought to participate in this study, including people from vulnerable populations (such as asthmatics, children, and
the elderly). It was thus necessary to utilize a variety
of recruitment channels, including announcements at
themed public events, social media, and stakeholder
networks that had already been established in different cities. A sensor campaign is conducted over a period of seven days, including weekends, and includes
both static sampling equipment and personal monitoring in order to capture seasonal variations over the
summer and winter months. Based on a detailed review of the scientific literature on applications of
personal air quality sensors and physical activity
monitors, the sensors below have been selected:
(i) uHoo indoor air quality monitors that measure CO, CO2, VOC, PM2.5, O3, NO2, temperature,
relative humidity and pressure atmosphere with minute resolution;
(ii) low-cost Arduino-based portable IOT sensor for personal particle exposure monitoring (referred to as PPM) developed as part of the ICARUS
project and provides PM concentration data with one
minute resolution for three particle sizes: 1 μm
(PM1), 2.5 μm (PM2.5) and 10 μm (PM10);

KEYWORDS:
Air quality, exposure, sensors, activity patterns, user-experience

INTRODUCTION
Among the objectives of this campaign were:
1) to gather information on external environmental
exposure and exposure determinants by combining
data on site, activity, and air pollution in different
microenvironments; 2) to demonstrate the feasibility
of using mobile sensors in exposure data collection;
3) to analyze and compare exposure data in Milan
during the summer and winter seasons.
Pollutants were selected by examining the
prevalence of pollutants using historical data, and
current air quality data. The exposure assessment
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 Unavailability because of the family problems/vacations.
As a result, the total number of participants during the summer period was 65 from 30 houses, including some new volunteers. Below is a summary.

(iii) a commercially available “Smart activity
tracker” (SAT), a Garmin International Vívosmart 3,
provides various information related to physical activity, for example, heart rate, steps taken, calories
"burned", distance traveled and stress level with a
resolution in one minute [5]
(iv) silicone bracelets that passively absorb a
variety of organic chemicals (e.g., polycyclic aromatic hydrocarbons, pesticides, and flame retardants) from the participant's environment. [6]
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Calibration of Devices. It is necessary to calibrate the equipment before it is used for actual data
collection. This calibration ensures that the data we
collect is of the desired quality. It gives us information about the nature of errors or gaps etc. This
information is important not only for planning data
collection and data cleaning methods, but also for
deciding on the treatment/analysis method. After receiving the instruments, calibration of the devices
were carried out which lasted for 3 weeks. During 3
weeks, ‘test data’ were collected and processed to
check for any errors/problems. A Linear regression
were carried out using test data and ‘reference value
of device’ for PPM (see Figure 1). Similar calibration procedure were carried out for uHoo and Garmin devices. All these experiments proved the validity, reliability and effectiveness of the devices to be
used for further data collection phase.
Campaigns. Winter. The winter campaign was
the one with the largest number of participants, 89
from 38 houses. We had to exclude 3 houses for
problems with sensors
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)".

FIGURE 2
Age-wise distribution of participants in Winter
season for Milan City
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Summer. The summer campaign volunteers
were less, as 30% of the winter participants decided
not to participate, because of the following reasons
 Period dedicated to holidays (as schools are
finished many families have decided to leave the
city)

FIGURE 3
Sex-wise distribution of participants in Winter
season for Milan City

FIGURE 1
Calibration done for 3 weeks [10]
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detected activities data was combined with the instantaneous heart rate levels in order to assess the sequence and exact timing that the recorded activities
took. Accordingly, using the heart rate variation as a
guide, the 2-min steps and distance intervals were
converted to 1-min measurements. Regarding the
TAD, the 1-min analysed information on PM exposure and physical activity at a personal level was
then enriched with information retrieved from the
TAD that was initially captured by participants in a
paper log and was then digitalized by the field workers. In practice, this approach allowed the creation of
one unified dataset for each participant consisting of
the variables coming from the 4 different data
sources in 1-min time steps. For the creation of the
unified dataset the data was merged based on the
same set of variables presented in all individual data
sources; date and time. Daily exposure data presented in a time-series format, is a continuous record
of instantaneous exposure to pollutants' concentrations over a time period, while breathing rate was estimated based on the intensity of the activities over
the same time period for the calculation of the exposure by using the equation ( please see
Equation
1).

Figures 2 and 3 gives the demographic information of winter campaign. 23% (n=21) population
of age <18 years have participated, whereas 70%
adults (n=62) where adults and those who are above
65 are 7% (n=6). 56% of total participants were females (n=50) and 44% i.e., n=39 are sex-wise distribution. The high number of females participants indicate the inclusive and gender equality-based planning nature of the ICARUS project.
From the total number of participants 81% i.e.
53 were adults of age ranging from18 years to 64
years of old; 14% i.e. 9 were minors of age <18 years
old and people who were more than 65 years were
5% i.e. n=3. With comparison to the winter campaign, it reveals that, minors were participated more
(23%) in winter as compared to summer campaign.
The percentage of population of more than 65 years
of age, remains almost same. Percentage of adults
were more in summer as compared to winter, keeping in mind that total participants for summer is
lower (64) then winter (89). The sex-wise ratio of the
participants remains almost same in both campaigns.
During data collection phase, uHoo and Garmin devices was easy-to-use for both participants and researcher as they measured and stored data accurately.
However, in winter data collection phase, due to
sever battery drain problem, PPM devices was inefficient which resulted in less data collection time,
corrupt data recorded. This battery problem was resolved in summer data collection phase [7].
 -'%
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FIGURE 5
Sex-wise distribution of participants in summer
season for Milan City


Winter Vs Summer Comparison of data.
Various graphs were produced using state-of-art statistical method. This gave us comparison of how
each pollutant has behaved in different seasons,
places for one home. An average was made for each
individual home, to have a unique value for both seasons of measurements. The two lines represents the
average value for summer and winter, of the whole
sample. The highest temperature was noted in summer maximum at 300C, whereas the average temperature in summer was 270C.

FIGURE 4
Age-wise distribution of participants in Summer
season for Milan City
Harmonization of data and Analysis. PPM
and UHOO data were given in 1-minute time step by
design, GARMIN data were converted from 15-min,
2-min and 15-sec entries to 1-min entries, and the 1hour TAD entries were split into 1-min time segments. “spacetime” R packages in r in Rstudio software were used to reach 1-minute resolution. Then
using ‘stplot method’ 1-minutes resolution plots
were created and plotted space-time plots. Package
lubridate [4] also allows to explicitly define and
compute with time intervals). Specifically, the GARMIN-retrieved 15-min, epoch-format, summary of

PM 2.5 concentration (Household level
data). Figure 6 gives us the comparison of the
PM2.5 across both seasons and the dotted line is the
upper limit i.e., maximum concentration allowed,
given by European Union [3] (Directive
2008/50/EU)
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FIGURE 6
PM2.5 Concentration - (W&S)
Household 39 has the highest, 101 μg/m3 of
PM2.5 concentration as compared to the other
households in winter. This high level of concentration shows the possibility of presence of other
sources or mixing of two sources. E.g., person is inside house in evening and lighted candle and incense
stick to feel better, which was cross-checked with
TAD. that some specific source is present inside
house which can also be cross verified and co-related
with TAD. Whereas, 58 μg/m3 is the highest for
Household 38. In an overview, winter shown the
highest concentration of PM2.5 as compared to the
summer. During summer, 10 household and in winter 11 households crossed the allowed/permitted

(limit) PM2.5 concentration. Household 20 shows
large variations in both seasons accounting for 5
μg/m3 in winter up-to 50 μg/m3 in summer crossing
EU limit (25 μg/m3).
Spatial Distribution of Pollution Affecting Variables Across Milan City. Then, variable-wise plots
were derived which showed which zone is having
more values for each pollutant as compared to other
zones in Milan city. This analysis is very important
for Milan Municipality office to identify the most
polluted area and to define tailored policy as well as
to draft specific “action plans”. Spatial distribution
of important variables is given below.

FIGURE 7
Spatial distribution of Exposure PM10 across Milan City
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FIGURE 8
Spatial distribution of Exposure PM2.5 across Milan
1 to 5, where 1 means not satisfied and 5 is very satisfied) we achieved a good result. In fact, many,
mostly females, are quite concerned about their personal exposure to pollutants, as can be seen from the
1 indicates no worries while 5 very worried.

Figure 7 shows the level of PM10 across the 9
zones of Milan City. Darker the green, higher is the
PM10 concentration. Zone 1 and Zone 3 reported
higher PM10 concentration level (11.5 ppm to 23
ppm), followed by Zone 8 and Zone 5 (8.2 ppm to
11.5 ppm). Zone 6 and Zone 4 has lower PM10 values ranging from 3.5 ppm to 8.2 ppm, whereas remaining 3 zones are having lowest PM 10 concentration values ranging from 0 to 3.5 ppm.
Exposure PM2.5. PM2.5 is one of the most important aspect of the exposure as it is most harmful
in Europe. The Figure 8 shows that, Zone 1 and Zone
3 reported very high PM2.5 concentration level (13.5
ppm to 25 ppm), followed by Zone 8 and Zone 5 (10
ppm to 13 ppm). Zone 6 and Zone 5 has lesser PM2.5
values ranging from 4.7 ppm to 10 ppm, whereas remaining 3 zones are having lowest PM 2.5 concentration values ranging from 0 to 4.7 ppm.

CONCLUSION
Low-cost wearable or body-worn sensors enabled the acquisition of highly granular spatiotemporal data, although this was accompanied by some
problems characteristic of low-cost devices, such as
frequent data gaps, unreliable data streams, inaccurate measurements at low concentrations, etc. Data
fusion and harmonisation of low-cost devices proved
difficult due to data gaps, inconsistent time stamps,
heterogeneous data collection protocols, and human
error in manually recording activities and operating
the devices.
In preparing reports for participants, the following should be considered: (i) uncertainties associated with data derived from low-cost measurement
devices need to be clearly defined and explained [1];
(ii) it must be assumed that the reader is a layperson
with respect to air pollution and its health effects,
and therefore (iii) reports must be short and concise
enough, as too much information can be distracting;
(iv) consultation with participants during report design (exchange between participants and researchers) ensures understanding of the reports A novel approach of data fusion to facilitate data visualization
and presentation has been used, which achieved consistency in report generation while significantly reducing the time required for report generation and

Feedback from Participants. In order to better understand the experiences of the participants in
the campaigns that took place within the ICARUS
project for the city of Milan, we prepared a questionnaire to capture participant’s feelings/opinion i.e.,
qualitative information about this campaign.
Upon asking what was the motivation that led
them to take part to the study; mostly answered that
they were interested in better understanding the quality of the air in their city/area in which they were living and, at the same time, the safeguarding of the environment, an increasingly central theme in today's
debate in relation to climate change.
Among feedbacks, 18 were females and 19 participants participated in both seasons. (On a scale of
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[6] Lu, T. B. (2012). Personal real-time air pollution
exposure assessment methods promoted by
information technological advances. Annals of
GIS. 18(4), 279-288.
[7] Morawska, L. (2018). Applications of low-cost
sensing technologies for air quality monitoring
and exposure assessment: How far have they
gone? EPA. Environment International. 116,
286-299.
[8] Ram, R. (2005). Ambient air pollution and
pregnancy outcomes: a review of the literature.
Environmental Health Perspectives. 113(4),
375–382.
[9] Riva, M. (2009). Disentangling the relative
influence of built and socioeconomic environments on walking: the contribution of areas
homogenous along exposures of interest. Social
Science & Medicine. 69(9), 1296–1305.
[10] Schwartz, D. A. (2007). Medicine: environmental biology and human disease. Science.
316(5825), 695–696.
[11] Viana, M. (2015). Field comparison of portable
and stationary instruments for outdoor urban air
exposure assessments. Elseveir. Atmospheric
Environment. 220-228.

allowing each report to be tailored to each participant
to some degree.
The most important feature of this study is novelty of “citizen science approach”, “inclusiveness”,
and the added values for policy makers. ICARUS
project, not only, increased general awareness of layman about air quality and climate change, but also
made them realize to actively participate/contribute
in this field, thus exercising their rights.
The data collected in this method enabled the
generation of new community-level knowledge and
the scaling of results through ad hoc modelling tools,
including agent-based modelling [2] which is an improvement on static approaches to urban-scale modelling.
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7KLVVWXG\DLPVWRH[DPLQHWKHSRWHQWLDOLPSDFW
RI DLU TXDOLW\ LPSURYHPHQW PHDVXUHV RQ
HQYLURQPHQW DQG KXPDQ KHDOWK DQG HYDOXDWH WKHP
HFRQRPLFDOO\WRDVVHVVZKHWKHUWKH\FRQVWLWXWH³ZLQ
ZLQ´VROXWLRQVIRUFDUERQPLWLJDWLRQLQWKHVKRUWDQG
PHGLXPWHUP  DWWKHXUEDQOHYHOLQWKH
FLW\ RI 0LODQ ,WDO\  7R WKLV HQG IRU ILYH VHOHFWHG
SROLFLHVWKHIROORZLQJHIIHFWVKDYHEHHQHYDOXDWHG
D FKDQJHVLQHPLVVLRQVRIPDMRUDLUSROOXWDQWV E 
FKDQJHVLQHPLVVLRQVRIJUHHQKRXVHJDVHV *+*V 
F  FKDQJHV LQ DPELHQW FRQFHQWUDWLRQ RI DLU
SROOXWDQWV G FKDQJHVLQWKHH[SRVXUHWRPDMRUDLU
SROOXWDQWV H FKDQJHVLQWKHDVVRFLDWHGLPSDFWVRQ
KXPDQKHDOWKDQG I FRVWEHQHILWDQDO\VLVDQGFRVW
HIIHFWLYHQHVV DQDO\VLV 7KH LPSDFWV RI WKH ILYH
VHOHFWHG SROLF\ RSWLRQV ZHUH DVVHVVHG XQGHU WKH
DVVXPSWLRQ RI WKH 5&3 VFHQDULR IRU FOLPDWH
FKDQJH$Q$LU3ROOXWLRQ±+HDOWK,PSDFW$QDO\VLV
$3+,$  FDQ KHOS WR DQVZHU VSHFLILF SROLF\
TXHVWLRQV ,W KDV EHHQ REVHUYHG WKDW (XURSHDQ
FRXQWULHV DUHUDSLGO\ DGRSWLQJ WKLV PHWKRGRORJ\ DV
SDUW RI WKH GHFLVLRQPDNLQJ SURFHVV IRU QHZ
SURJUDPPHV SURMHFWV UHJXODWLRQV DQG SROLFLHV
DLPHGDWLPSURYLQJDLUTXDOLW\RUWKDWPD\DIIHFWLW
DVDFREHQHILW



WR WKH HPLVVLRQV RI DLU SROOXWDQWV DQG JUHHQKRXVH
JDVHV *+* >@(IIHFWLYHSROLFLHVDQGPHDVXUHVWR
UHGXFH HPLVVLRQV KDYH WR FRQVLGHU WKH GHVLUH RI
FLWL]HQV IRU FOHDQ DLU DQG UHO\ RQ WKH IHDVLELOLW\ RI
LQWHUYHQWLRQV GHVLJQHG WR DFKLHYH WKHVH JRDOV >@
1XPHURXV HSLGHPLRORJLFDO VWXGLHV KDYH IRXQG DQ
DVVRFLDWLRQEHWZHHQDLUSROOXWLRQDQGDZLGHUDQJH
RIDGYHUVHKHDOWKHIIHFWVLQWKHJHQHUDOSRSXODWLRQ
WKH HIIHFWV KDYH UDQJHG IURP VXEWOH VXEFOLQLFDO
HIIHFWV WR SUHPDWXUH GHDWK > @ $LU 3ROOXWLRQ
+HDOWK,PSDFW$VVHVVPHQWDLPVDWHVWLPDWLQJULVNV
RI SDVW FXUUHQW RU IXWXUH H[SRVXUH WR DLU SROOXWLRQ
DQG RI FKDQJHV LQ H[SRVXUH WKDW PD\ UHVXOW IURP
SODQQHGSROLFLHVRUSROLF\RSWLRQVWRJHWKHUZLWKWKH
&RVW%HQHILW $QDO\VLV
&%$  DQG &RVW
(IIHFWLYHQHVV $QDO\VLV &($  VSHFLILFDOO\ WDNLQJ
LQWR DFFRXQW WKH LPSDFWV RI DLU SROOXWLRQ RQ KHDOWK
DQG WKH HQYLURQPHQW RI WKH PHDVXUHV DQG SROLFLHV
>@
7KURXJK WKH GHYHORSPHQW RI LQWHJUDWHG WRROV
DQG VWUDWHJLHV IRU XUEDQ LPSDFW DVVHVVPHQW LQ
VXSSRUW RI $LU 4XDOLW\ $4  DQG FOLPDWH FKDQJH
JRYHUQDQFH DQG WKH GLUHFW LQYROYHPHQW RI FLWL]HQV
WKH + ,&$586 SURMHFW DLPHG DW WKH
LPSURYHPHQW RI OLIH TXDOLW\ DQG SXEOLF KHDOWK DV
ZHOODVHQYLURQPHQWDOULVNUHGXFWLRQ,WSURSRVHGDQ
LQQRYDWLYH V\VWHP WR DVVHVV DQG PRQLWRU $4 DQG
DGYHUVHKHDOWKHIIHFWVRIH[SRVXUHWRSRRU$4LQDQ
LQWHJUDWHGFRVWHIIHFWLYHDQGGHSHQGDEOHZD\XVLQJ
WRWKHPD[LPXPFXUUHQWDQGQHDUIXWXUHFDSDELOLWLHV
RI WKH HQYLURQPHQWDO PRQLWRULQJ DQG WHOHPDWLFV
LQIUDVWUXFWXUH,&$586XVHGLQWHJUDWHGDVVHVVPHQW
PHWKRGV DFURVV GLIIHUHQW FLWLHV LQ (XURSH 6XFK
DVVHVVPHQWKHOSVWRXQGHUVWDQGWKHFRQVHTXHQFHVRI
SROOXWLRQIRUVRFLHW\DQGLGHQWLI\ZD\VWRUHGXFHWKH
EXUGHQRIVXFKSROOXWLRQ
7KLVVWXG\IRFXVHVRIWKHUHVXOWVRILQWHJUDWHG
DVVHVVPHQWRIFOLPDWHPLWLJDWLRQRSWLRQVIRUWKHFLW\
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RI0LODQZKLFKZDVRQHRIILYHFDVHVWXG\FLWLHVLQ
,&$5867KHFLWLHVLQYROYHGRIGLIIHUHQWVL]HVDQG
SRSXODWLRQ IDFH D ZLGH UDQJH RI HQYLURQPHQWDO
SUREOHPV DV ZHOO DV KDYLQJ GLIIHULQJ OHYHOV RI
H[LVWLQJ PLWLJDWLRQ HIIRUWV  WR UHGXFH DLU SROOXWLRQ
DQG FDUERQ IRRWSULQW ZKHWKHU WKHVH ZHUH DOUHDG\
DGRSWHGRUSODQQHG
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0LODQ LV ORFDWHG LQ /RPEDUG\ UHJLRQ LQ WKH
QRUWK RI ,WDO\ DQG LW LV WKH VHFRQG PRVW SRSXODWHG
,WDOLDQ FLW\ 7KH PRVW LPSRUWDQW VRXUFH RI SULPDU\
30LQWKHFLW\RI0LODQLVURDGWUDIILF  DOEHLW
HPLVVLRQV IURP URDG GXVW UHVXVSHQVLRQ DUH QRW \HW
FRQVLGHUHGLQWKHHPLVVLRQLQYHQWRU\>@7KHUHIRUH
WKH ORFDO DGPLQLVWUDWLRQ LV ZRUNLQJ WR UHGXFH
H[SRVXUHWRWUDIILFUHODWHGDLUSROOXWLRQERWKWKURXJK
VKRUWWHUPLQWHUYHQWLRQVGXULQJZLQWHUVHDVRQZKHQ
SHUVLVWHQWHSLVRGHVRIKLJKVWDELOLW\OHDGWRWKHORQJHU
SHULRGRI(8/LPLW9DOXHVQRQDWWDLQPHQWHSLVRGHV
DQGWKURXJKVWUXFWXUDOPHDVXUHVLQWKHFRQWH[WRIWKH
6XVWDLQDEOH 0RELOLW\ 8UEDQ 3ODQ 7KHUH DUH DERXW
PLOOLRQVWULSVSHUGD\LQ0LODQ
%RWWRPXSHPLVVLRQGDWDZHUHFROOHFWHGDOPRVW
IRUDOODFWLYLW\VHFWRUVDQGUHVSHFWLYHVXEVHFWRUV7KH
PDLQ GDWD VRXUFH IRU GDWDEDVH LV 2014 INEMAR
emission inventory >@ RI 5HJLRQ /RPEDUG\
GHYHORSHG E\ $53$ /RPEDUGLD (QYLURQPHQWDO
3URWHFWLRQ5HJLRQDO$JHQF\ VHH7DEOHIRUWKHOLVW
RISROOXWDQWVDQG*+*VIRUZKLFKHPLVVLRQIDFWRUV
ZHUH DYDLODEOH. 7KH UHOHYDQW HPLWWLQJ DFWLYLWLHV
FRQVLGHUHGLQWKH,QYHQWRU\KDYHEHHQJDWKHUHG
DFFRUGLQJWRWKH6HOHFWHG1RPHQFODWXUHIRUVRXUFHV
RI $LU 3ROOXWLRQ 61$3  7KLV QRPHQFODWXUH
FRQVLGHUV  FDWHJRULHV DW WKH KLJKHU OHYHO RI
DJJUHJDWLRQ >@ 6SDWLDO GLVDJJUHJDWLRQ RI FRXQWU\
HPLVVLRQV DW PXQLFLSDO OHYHO IRU HDFK DFWLYLW\ ZDV
FDUULHGRXWXVLQJVRPHSUR[\YDULDEOHV QXPEHURI
LQKDELWDQWVIXHOFRQVXPSWLRQLQGXVWULDOSURGXFWLRQ
RUWKHHPSOR\HHVLQDJLYHQVHFWRUZKRVHHPLVVLRQV
LVWREHHYDOXDWHG 
6SDWLDOO\ GLVWULEXWHG   NP  EXVLQHVVDV
XVXDO %$8 HPLVVLRQLQYHQWRULHVIRUWKHPDMRUDLU
SROOXWDQWVZHUHGHYHORSHGIRU\HDUVDQG
IRUWKHFLW\RI0LODQ7KHHPLVVLRQVYDOXHV ( 
ZHUH GLVDJJUHJDWHG E\ VHFWRU JURXSV VXEJURXSV
DFWLYLWLHVDQGE\W\SHRIIXHOEDVHGRQWKHH[SHFWHG
FKDQJHVLQDFWLYLWLHV $ DQGHPLVVLRQIDFWRUV () 
IRU HDFK VHFWRU (  $  ()  7R VLPXOWDQHRXVO\
EHQHILWIURPWKHH[LVWLQJ,&$586SURMHFWUHVXOWVD
WRSGRZQ DSSURDFK FRPSULVLQJ D VHFWRUVSHFLILF
GRZQVFDOLQJRIDFWLYLWLHVZDVDSSOLHGEDVHGRQWKH
(XURSHDQDFWLYLW\HPLVVLRQIDFWRUGDWDEDVH7KHWRS
GRZQ GDWDEDVH KDYH EHHQ YDOLGDWHG DQG LPSURYHG
XVLQJ WKH FROOHFWHG ERWWRPXS HPLVVLRQ GDWD
REWDLQHG IURP ORFDO DXWKRULWLHV WR VHW XS WKH ILQDO
FLW\ GDWDEDVH > @ 7KH GHULYHG HPLVVLRQ

)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

LQYHQWRULHVIHGWKH:5)&KHPPRGHOWRHVWLPDWHDLU
SROOXWLRQ FRQFHQWUDWLRQ OHYHOV > @ $FFRUGLQJ
ZLWK WKH PXQLFLSDOLW\ DXWKRULWLHV >@ ILYH NH\
SROLFLHV PHDVXUHV ZLWK GLIIHUHQW WLPH KRUL]RQV
 DLPLQJ DWUHGXFLQJ DLU SROOXWDQWV DQG
*+*V HPLVVLRQV LQ GLIIHUHQW VHFWRUV ZHUH VHOHFWHG
ZLWKDEEUHYLDWLRQVLQEUDFNHWV   /RZ(PLVVLRQ
=RQH $UHD% DQG  &RQYHUVLRQRIDOOSXEOLFEXVHV
WRHOHFWULFRQHV (OHFWULF%XV   ,PSURYHPHQWRI
HQHUJ\ HIILFLHQF\ LQ H[LVWLQJ DQG QHZ UHVLGHQWLDO
IODWV %XLOGLQJV   3KRWRYROWDLFVRODUSRZHUDQG
GLVWULFWKHDWLQJ (QHUJ\ DQG  3ODQWLQJRI
QHZWUHHVSHU\HDU 7UHHV 
7KHQHZHPLVVLRQLQYHQWRULHVIRUHDFKSROLF\
KDYH EHHQ SURYLGHG WR WKH :5)&KHP PRGHO WR
HVWLPDWHFKDQJHVLQWKHDLUFRQFHQWUDWLRQOHYHOVZLWK
UHVSHFW WR WKH %$8 VFHQDULRV 7KH HPLVVLRQ
UHGXFWLRQSRWHQWLDOLVFDOFXODWHGIRUHDFK1)5FRGH
DIIHFWHG VHFWRU  \HDU PLOHVWRQH \HDUV  DQG
  DQG HDFK JULG HOHPHQW ZLWKLQ WKH PRGHOOLQJ
GRPDLQ
$GGLWLRQDOYDOXHRIWKHDQDO\VLVFDUULHGRXWLV
WKDWWKHLPSDFWVRIWKHILYHVHOHFWHGSROLF\RSWLRQV
ZHUH HVWLPDWHG XQGHU WKH DVVXPSWLRQ RI
5HSUHVHQWDWLYH&RQFHQWUDWLRQ3DWKZD\V 5&3V 
VFHQDULRV IRU FOLPDWH FKDQJH VWDELOL]DWLRQ RI
UDGLDWLYHIRUFLQJZLWKRXWRYHUVKRRWSDWKZD\WR
:P aSSP&2HT DWVWDELOL]DWLRQDIWHU
>@
+HDOWK LPSDFW DVVHVVPHQW ZDV EDVHG RQ WKH
SRSXODWLRQ DWWULEXWDEOH ULVN IUDFWLRQ $)  FRQFHSW
>@ PDNLQJ XVH RI WKH +5$3,( FRQFHQWUDWLRQ
UHVSRQVH &5 IXQFWLRQV>@


¦P  RR 
¦P  RR
i

AF

i

i

i

i


ZKHUH3LLVWKHSURSRUWLRQRIWKHSRSXODWLRQDW
H[SRVXUH FDWHJRU\ i 55L LV WKH UHODWLYH ULVN DW
H[SRVXUHFDWHJRU\iFRPSDUHGWRWKHUHIHUHQFHOHYHO
&RVW%HQHILW $QDO\VLV FRPSDUHV FRVWV DQG
EHQHILWV RI D PHDVXUH E\ WDNLQJ DQ LQFUHPHQWDO
DSSURDFKZKLFKPHDQVWKDWFRVWVDQGEHQHILWVDUH
FRPSXWHGZLWKUHVSHFWWRWKHEDVHOLQHVFHQDULR$OO
FRVWVDQGEHQHILWVDUHH[SUHVVHGLQDFRPPRQPHWULF
LHLQPRQHWDU\YDOXHV>@&%$WDNHVLQWRDFFRXQW
ERWK WKHILQDQFLDO DQG HFRQRPLF FRVWV DQGEHQHILWV
DQGWKHSHUIRUPDQFHRIWKHPHDVXUHVSUHVHQWHGZHUH
DQDO\VHGE\FRPSXWLQJWKH1HW3UHVHQW9DOXH 139 
RI WRWDO GLVFRXQWHG FRVWV DQG EHQHILWV DQG WKH
%HQHILWWR&RVW5DWLR>@7ZRPDLQLQGLFDWRUVRI
FRVWHIIHFWLYHQHVV ZHUH FRPSXWHG DQG SUHVHQWHG WR
FRPSDUH FRVWV SHU WRQQHV RI &2HT VDYHG ZLWK
UHVSHFW WR WKH EDVHOLQH VFHQDULR WKH ILQDQFLDO FRVW
HIIHFWLYHQHVV ),&267() LHWKHILQDQFLDOFRVWSHU
W& VDYHG DQG WKH IXOO FRVWHIIHFWLYHQHVV
)8&267()  LH WKH IXOO QHW VRFLDO FRVW SHU W&
VDYHG
i
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7$%/(
/LVWRISROOXWDQWVDQG*+*VIRUZKLFKHPLVVLRQIDFWRUVDYDLODEOH
*UHHQKRXVH
³&ODVVLFDO´DLU
+HDY\PHWDOV
JDVHV
SROOXWDQWV
3$+GLR[LQV
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30
&DGPLXP
&2
30
$UVHQLF
%ODFNFDUERQ
0HUFXU\
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2UJDQLFFDUERQ
/HDG


%HQ]R D S\UHQH 
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DVPDUNHUVXEVWDQFHIRUWRWDO3$+V SRO\F\FOLFDURPDWLFK\GURFDUERQV  DVLQGLFDWRUIRUGLR[LQVDQGIXUDQV


5(68/76$1'',6&866,21

7KH VXPPDU\ RI WKH UHVXOWV LQ WHUPV RI
HPLVVLRQVUHGXFWLRQGXHWRWKHLPSOHPHQWDWLRQRIWKH
SROLFLHVLVSUHVHQWHGLQWKH7DEOH,Q0LODQWKH
LPSOHPHQWDWLRQRID/RZ(PLVVLRQ=RQH ³$UHD%´ 
EDQQLQJ WKH HQWUDQFH RI WKH PRVW SROOXWHG YHKLFOHV
HJXSWR(XURGLHVHOFDUV WKURXJKDV\VWHPRI
WUDFNLQJDQGDFFHVVFRQWUROVKRZVE\IDUWKHKLJKHVW
HPLVVLRQ UHGXFWLRQV SRWHQWLDO IRU DOO SROOXWDQWV ±
ERWK LQ  DQG   5HJDUGLQJ QLWURJHQ R[LGH
HPLVVLRQ UHGXFWLRQV WKH VHFRQG PRVW HIIHFWLYH
VFHQDULR LV WKH FRQYHUVLRQ RI DOO SXEOLF EXVHV WR
HOHFWULF RQHV E\  ZKLFK LV IROORZHG E\ WKH
LQWURGXFWLRQ RI VRODU SRZHUSKRWRYROWDLFV IRU
EXLOGLQJ XVHV DQG GLVWULFW KHDWLQJ ³(QHUJ\´  7KH
VFHQDULR ³7UHHV´ ZKLFK DGGUHVVHV WKH JUHHQLQJ RI
WKH FLW\ RI 0LODQ VKRZV FRPSDUHG WR WKH RWKHU
PHDVXUHVHVSHFLDOO\LQDOVRKLJKUHGXFWLRQVRI
SDUWLFXODWHPDWWHUUHPRYDO7KHHPLVVLRQUHGXFWLRQ
SRWHQWLDO RI DOO VFHQDULRV LQFUHDVHV IURP  WR
ZLWKDGUDVWLFLQFUHDVHIRUVFHQDULR³$UHD%´
ZKLFKLVGXHWRWKHIDFWWKDWWKHVFHQDULRIRUHVHHVD
FRPSOHWHGLHVHOEDQE\>@
³$UHD %´ ³(OHFWULF %XV´ DQG ³%XLOGLQJV´
VFHQDULRVUHVXOWHGLQORZHU12OHYHOVLQSDUWLFXODU
$UHD % VKRZHG D VLJQLILFDQW UHGXFWLRQ DOVR IRU
30FRQFHQWUDWLRQV
7RWDOUHGXFWLRQVRIJUHHQKRXVHJDVHVKDYHEHHQ
FDOFXODWHGIRUHDFKSROLF\VFHQDULRDQGIHGLQWRWKH
FRVWEHQHILW DQDO\VLV 7KH WRWDO UHGXFWLRQV RI
JUHHQKRXVHJDVHV &2&+DQG12 DUHFDOFXODWHG
E\ D FRPSDULVRQ RI SROLF\ DQG EDVHOLQH HPLVVLRQ
LQYHQWRU\)XUWKHUWRWKHVHILQGLQJVDPRUHGHWDLOHG
DQDO\VLV IRFXVLQJ RQ WKH FOLPDWLF WUHQGV IRU DOO
VFHQDULRV  IURP  WR  WKH IROORZLQJ
FRQFOXVLRQVFDQEHGUDZQ2GHFUHDVHLQWKH\HDUV
DQGWKHQKDVDQLQFUHDVH30DQG30
LQFUHDVHIRU\HDUV
+HDOWK LPSDFW UHVXOWV VKRZHG D  WKH
LPSOHPHQWDWLRQRID/RZ(PLVVLRQ=RQH ³$UHD%´ 
EDQQLQJ WKH HQWUDQFH RI WKH PRVW SROOXWHG YHKLFOHV

VKRZVE\IDUWKHKLJKHVWKHDOWKEHQHILW EHWZHHQ
DQG  OHVV GHDWKV RQ \HDUO\ EDVLV  E  ³(OHFWULF
%XV´ DQG ³%XLOGLQJ´ VFHQDULRV VKRZ KLJKHU KHDOWK
EHQHILWVDPRQJWKHRWKHUPHDVXUHV EHWZHHQDQG
OHVVPRUWDOLW\FDVHVRQ\HDUO\EDVLV  F DOOSROLFLHV
VLPXODWHG VKRZ WKH KLJKHVW KHDOWK LPSDFWV LQ WKH
SHULRGV  DQG  DQG WKH ORZHVW
RQHV LQ WKH SHULRG  PRVW OLNHO\ GXH WR
SDUWLDO LPSOHPHQWDWLRQ RI WKH DQDO\VHG SROLFLHV DV
ZHOO DV WKH SUHYDOHQW PHWHRURORJLFDO FRQGLWLRQV
ZKLFK PD\ IDYRXU SROOXWDQW GLVSHUVLRQ DFURVV OHVV
SRSXODWHGDUHDV
7DEOHVXPPDULVHVWKHUHVXOWVRIWKH&%$DQG
&($IRUWKHFLW\RI0LODQ1HW3UHVHQW&RVWVRIWKH
WKUHHDQDO\VHGPHDVXUHVDUHHTXDOWRPOQ¼IRU
WKH SROLF\ VFHQDULR ³$UHD %´  POQ¼ IRU WKH
³7UHH´VFHQDULRDQGPOQ¼IRU³(%XV´VFHQDULR
7KHSHULRGRYHUZKLFKFRVWVDQGEHQHILWVDUHWDNHQ
LQWR DFFRXQW VWDUWV ZLWK WKH LQLWLDO LQYHVWPHQW \HDU
  DQG HQGV ZLWK WKH ODVW \HDU IRU ZKLFK WKH
HPLVVLRQ VFHQDULRV DQG KHQFH KHDOWK LPSDFWV  DUH
DYDLODEOH
5HVXOWV VXJJHVW D SRVLWLYH 139 IRU DOO WKH
DQDO\VHG PHDVXUHV ZKLFK DUH GULYHQ E\ YHU\ KLJK
KHDOWKLPSDFWVFRPSDUHGWRWKHFRVWVDVZHOODV±EXW
WR D PXFK ORZHU H[WHQW ± E\ KLJK FDUERQ VDYLQJV
+HDOWK VDYLQJV DUH ODUJHO\ GULYHQ E\ UHGXFWLRQV LQ
PRUWDOLW\ DWWULEXWDEOH WR 12 UHGXFWLRQV RYHU WKH
SHULRG 7KH ³$UHD %´ PHDVXUH VKRZV WKH KLJKHVW
139DQG%&UDWLRGULYHQE\KHDOWKEHQHILWVYDOXLQJ
QHDUO\  EOQ¼ DQG D UHODWLYHO\ ORZ OHYHO RI FRVWV
7KH FRVWHIIHFWLYHQHVV DQDO\VLV VXJJHVWV WKDW WKH
ILQDQFLDOFRVWSHUW&VDYHGUDQJHIURPWR
¼W&:KHQWKHIXOOFRVWRIWKHVHPHDVXUHVLVWDNHQ
LQWRDFFRXQWWKRXJKZHFDQVHHWKDWWKLVLVQHJDWLYH
LHVDYHGFDUERQLVDFWXDOO\OLQNHGWRDQRYHUDOOFRVW
UHGXFWLRQGXHWRWKHKHDOWKFREHQHILWV 
5HVXOWV RI WKH SROLF\ DQDO\VHV DOORZHG WR
GHWHUPLQHWKHPRVWVXVWDLQDEOH*+*PLWLJDWLRQDQG
DLU TXDOLW\ $4  LPSURYHPHQW VWUDWHJLHV
PD[LPL]LQJ WKH QHW SXEOLF KHDOWK DQG ZHOOEHLQJ
EHQHILWVZKLOHWDNLQJLQWRFRQVLGHUDWLRQWKHFRVWV
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7$%/(
(PLVVLRQYDULDWLRQLQSROLFLHVVFHQDULRV D DQG E FRPSDUHGWR%$8
D

<HDU
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7$%/(
5HVXOWVRIWKH&RVWEHQHILWDQDO\VLVDQG&RVWHIIHFWLYHQHVV
0($685(6
32/,&<6&(1$5,26
$UHD%
(OHFWULF%XV


1HW3UHVHQW&RVWV ¼ 
1HWSUHVHQWKHDOWKEHQHILWV ¼   
1HW3UHVHQW


2WKHUQRQKHDOWKEHQHILWV ¼ 
1HW3UHVHQW9DOXH


&DUERQVDYLQJV ¼ 
1HWSUHVHQWWRWDOEHQHILWV ¼   
 
139 ¼ 


%&5DWLR


),&267()


)8&267()
QDFDOFXODWLRQQRWDSSOLFDEOHGXHWRPLVVLQJQRWDYDLODEOHGDWD


DVVRFLDWHGZLWKDLUSROOXWLRQDQGFOLPDWHFKDQJHLQ
WKH(87KH,&$586SURMHFWGHOLYHUHGD'HFLVLRQ
6XSSRUW 6\VWHP '66  D ZHEEDVHG IOH[LEOH DQG
LQWHUDFWLYHSODWIRUPDLPHGDWDVVLVWLQJVWDNHKROGHUV
LQ WKH VHOHFWLRQ DSSOLFDWLRQ DQG HYDOXDWLRQ RI WKH
DYDLODEOH GDWDVHWV DQG WRROV IRU XUEDQ LPSDFW
DVVHVVPHQW LQ VXSSRUW RI DLU TXDOLW\ DQG FOLPDWH
FKDQJHJRYHUQDQFHDWGLIIHUHQWVSDWLDODQGWHPSRUDO
VFDOHVDQGWDNLQJLQWRDFFRXQWWKHVSHFLILFUHJXODWRU\
FRQWH[W


&21&/86,21

7KLVSDSHUDLPHGDWSUHVHQWLQJWKHUHVXOWVRIDQ
LQWHJUDWHGDVVHVVPHQWRIFDUERQPLWLJDWLRQRSWLRQV
DFFRXQWLQJ IRU DLU TXDOLW\ LPSURYHPHQWV RQ WKH
HQYLURQPHQWDQGKXPDQKHDOWK)LYHSROLF\RSWLRQV
ZHUHVHOHFWHGDVSRWHQWLDO³ZLQZLQ´VROXWLRQVDWWKH
XUEDQVFDOHLQWKHFLW\RI0LODQ ,WDO\ 7KHLPSDFWV
RIWKHILYHVHOHFWHGSROLF\RSWLRQVZHUHFDUULHGRXW
XQGHUWKHDVVXPSWLRQRI5&3VFHQDULRIRUFOLPDWH
FKDQJH$Q$3+,$FDQDLGWRDQVZHUVSHFLILFSROLF\
TXHVWLRQVLQPDQ\FRXQWULHVLWLVUHTXLUHGDVSDUWRI
WKH GHFLVLRQPDNLQJ SURFHVV IRU QHZ SURJUDPPHV
SURMHFWV UHJXODWLRQV DQG SROLFLHV DLPHG DW
LPSURYLQJ $4 RU WKDW PD\ DIIHFW $4 DV D VLGH
HIIHFW 7KH ILQGLQJV DV DQ LQWHJUDWHG SROLF\
DVVHVVPHQW SURYLGHV D V\QWKHVLV LQ WHUPV RI

%XLOGLQJV

XQNQRZQ


(QHUJ\

7UHHV

XQNQRZQ 
 
















 
 
QD

QD

QD


QD
QD
QD

GHFLVLRQPDNLQJ VXSSRUW IRU WKH FRQVLGHUHG SROLF\
DUHDV7KHUHVXOWVRIWKHSROLF\DQDO\VHVZLOODOORZWR
GHWHUPLQHWKHPRVWVXVWDLQDEOH*+*PLWLJDWLRQDQG
DLUTXDOLW\ $4 LPSURYHPHQWVWUDWHJLHV7KHODWWHU
ZLOO EH SURSRVHG WR WKH DXWKRULWLHV UHVSRQVLEOH IRU
DWPRVSKHULF SROOXWLRQ DQG FOLPDWH SURWHFWLRQ
PDQDJHPHQWDQGWRWKHPDLQLQGXVWULDOHQGXVHUVDV
JXLGDQFH IRU GHFLVLRQPDNLQJ WKDW ZRXOG OHDG
WRZDUGV PD[LPL]LQJ WKH QHW SXEOLF KHDOWK DQG
ZHOOEHLQJ EHQHILWV ZKLOH WDNLQJ LQWR FRQVLGHUDWLRQ
WKH FRVWV DVVRFLDWHG ZLWK DLU SROOXWLRQ DQG FOLPDWH
FKDQJHLQWKH(87KHUHVXOWVVXJJHVWWKDWIRUVRPH
RSWLRQVWKHILQDQFLDOFRVWHIIHFWLYHQHVVLVUHODWLYHO\
ORZ FRPSDUHGWRHJFXUUHQWFDUERQSULFHV DQGIRU
VRPHWKHUHDUHVLJQLILFDQWFREHQHILWVZKLFKVXJJHVW
WKDWWKHRYHUDOOVRFLDOFRVWRIFDUERQUHGXFWLRQPD\
EHQHJDWLYHLQWKHVHFDVHV)XUWKHUZRUNLVQHHGHGWR
DVVHVV WKH DFFHSWDELOLW\ RI RSWLRQV E\ FLWL]HQV
LQGXVWU\DQGRWKHUVWDNHKROGHUV+RZHYHULQUDLVLQJ
DZDUHQHVV RI WKH ULVNV DQG EHQHILWV RI FDUERQ
PLWLJDWLRQ,&$586KDVKHOSHGUDLVHDZDUHQHVVRI
WKLVLVVXHLQ0LODQ)XUWKHULQWHJUDWHGDVVHVVPHQWRI
WKLV W\SH LV QHHGHG LQ RWKHU FLWLHV ± VR SROLF\ RQ
FDUERQPLWLJDWLRQFDQEHHYLGHQFHEDVHGDQGGHOLYHU
VROXWLRQV WR WKH FOLPDWH HPHUJHQF\ WKDW EHQHILW
VRFLHW\DVDZKROH
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>@ ,&$586 '   5HSRUW DQG GDWD RQ
HPLVVLRQ LQYHQWRU\ DW FLW\ OHYHO IRU WKH
FRQVLGHUHG SROOXWDQWV DQG *+*V IRU WKH \HDUV
DQG :3,QWHJUDWHGHPLVVLRQ
PRGHOOLQJ DW WKH UHJLRQDO DQG XUEDQ VFDOHV 
3URMHFW (8+ *UDQW$JUHHPHQW1XPEHU
 5HVSRQVLEOH DXWKRU -XOLD 1HXKlXVHU
±
>@*XHYDUD0/RSH]$SDULFLR6&XYHOLHU&
7DUUDVRQ/&ODSSLHU$7KXQLV3  $
EHQFKPDUNLQJ WRRO WR VFUHHQ DQG FRPSDUH
ERWWRPXSDQGWRSGRZQDWPRVSKHULFHPLVVLRQ
LQYHQWRULHV $LU 4XDO $WPRV +HDOWK   
±
>@,&$586'  'HOLYHU\RIFOLPDWHGDWD
DQG LQGLFDWRUV :3 ,QWHJUDWHG DWPRVSKHULF
PRGHOOLQJ IRU FRQQHFWLQJ SUHVVXUHV WR WKH
HQYLURQPHQW WR FRQFHQWUDWLRQV DW WKH UHJLRQDO
DQG XUEDQ VFDOHV  3URMHFW (8+  *UDQW
$JUHHPHQW 1XPEHU  5HVSRQVLEOH
DXWKRU(QULFR6FRFFLPDUUR±
>@,&$586'  5HSRUWRQ$4DQG*+*V
FRQFHQWUDWLRQ DW WKH JURXQG OHYHO LQ WKH
,&$586 FLWLHV :3 ,QWHJUDWHG DWPRVSKHULF
PRGHOOLQJ IRU FRQQHFWLQJ SUHVVXUHV WR WKH
HQYLURQPHQW WR FRQFHQWUDWLRQV DW WKH UHJLRQDO
DQG XUEDQ VFDOHV  3URMHFW (8+  *UDQW
$JUHHPHQW 1XPEHU  5HVSRQVLEOH
DXWKRU'HQLV6DULJLDQQLV±
>@3$(6   3LDQR GL $]LRQH SHU O¶(QHUJLD
6RVWHQLELOH  6XVWDLQDEOH (QHUJ\ DQG &OLPDWH
$FWLRQ 3ODQ IRU 0LODQ KWWSZZZ
FRPXQHPLODQRLWZSVSRUWDOLVWLWVHUYL]LDPEL
HQWHHQHUJLDSDHV $FFHVVHGGDWH 
>@3806   3LDQR 8UEDQR GHOOD 0RELOLWj
6RVWHQLELOH 6XVWDLQDEOH 0RELOLW\ 8UEDQ 3ODQ
KWWSVZZZFRPXQHPLODQRLWDUHH
WHPDWLFKHPRELOLWDSLDQLILFD]LRQH
PRELOLWDSLDQRXUEDQRGHOODPRELOLWD
$FFHVVHGGDWH 
>@7KRPVRQ $0 &DOYLQ .9 6PLWK 6-
.\OH*39RONH$3DWHO3'HOJDGR$ULDV
6 %RQG/DPEHUW\ % :LVH 0$ &ODUNH
/((GPRQGV-$  5&3DSDWKZD\
IRU VWDELOL]DWLRQ RI UDGLDWLYH IRUFLQJ E\ 
&OLPDWLF &KDQJH$UWLFOH,'4
>@2VWUR % :RUOG +HDOWK 2UJDQL]DWLRQ  
2XWGRRU DLU SROOXWLRQ DVVHVVLQJ WKH HQYLURQ
PHQWDO EXUGHQ RI GLVHDVH DW QDWLRQDO DQG ORFDO
OHYHOV *HQHYD :RUOG +HDOWK 2UJDQL]DWLRQ
:+2 (QYLURQPHQWDO %XUGHQ RI 'LVHDVH
6HULHV1R ±
>@:+2   +HDOWK ULVNV RI DLU SROOXWLRQ LQ
(XURSH ± +5$3,( SURMHFW 5HFRPPHQGDWLRQV
IRU FRQFHQWUDWLRQ±UHVSRQVH IXQFWLRQV IRU FRVW±
EHQHILWDQDO\VLVRISDUWLFXODWHPDWWHUR]RQHDQG
QLWURJHQ GLR[LGH :+2 5HJLRQDO 2IILFH IRU
(XURSH&RSHQKDJHQ'HQPDUNE±

$&.12:/('*(0(176

7KLV ZRUN KDV UHFHLYHG IXQGLQJ IURP WKH
(XURSHDQ 8QLRQ¶V +RUL]RQ  3URJUDPPH IRU
UHVHDUFK
WHFKQRORJLFDO
GHYHORSPHQW
DQG
GHPRQVWUDWLRQ XQGHU JUDQW DJUHHPHQW 1R 
,QWHJUDWHG &OLPDWH IRUFLQJ DQG $LU SROOXWLRQ
5HGXFWLRQLQ8UEDQ6\VWHPV ,&$586 7KLVZRUN
UHIOHFWV RQO\ WKH DXWKRUV¶ YLHZV DQG WKDW WKH
(XURSHDQ&RPPLVVLRQLVQRWUHVSRQVLEOHIRUDQ\XVH
WKDW PD\ EH PDGH RI WKH LQIRUPDWLRQ LW FRQWDLQV´
7KH DXWKRUV JUDWHIXOO\ DFNQRZOHGJH WKH SDUWQHUV
LQYROYHGLQGHVLJQLQJDQGFDUU\LQJRXWWKH,&$586
SURMHFW


5()(5(1&(6

>@ (($   $LU TXDOLW\ LQ (XURSH  
UHSRUW (XURSHDQ (QYLURQPHQWDO $JHQF\
&RSHQKDJHQ'HQPDUN
>@ (($  7UHQGVDQGSURMHFWLRQVLQ(XURSH
 7UDFNLQJ SURJUHVV WRZDUGV (XURSH¶V
FOLPDWH DQG HQHUJ\ WDUJHWV (XURSHDQ
(QYLURQPHQWDO$JHQF\&RSHQKDJHQ'HQPDUN
>@ +RHN*3DWWHQGHQ6:LOOHUV6$QWRYD7
)DELDQRYD(%UDXQ)DKUOlQGHU&)RUDVWLHUH
)*HKULQJ8/XWWPDQQ*LEVRQ+*UL]H/
+HLQULFK - +RXWKXLMV ' -DQVVHQ 1
.DWVQHOVRQ%.RVKHOHYD$0RVKDPPHU+
1HXEHUJHU 0 3ULYDORYD / 5XGQDL 3
6SHL]HU ) 6ODFKWRYD + 7RPDVNRYD +
=ORWNRZVND5)OHWFKHU7  30DQG
FKLOGUHQ¶V UHVSLUDWRU\ V\PSWRPV DQG OXQJ
IXQFWLRQ LQ WKH 3$7< VWXG\ (XURSHDQ
5HVSLUDWRU\-RXUQDO  ±
>@ +RHN * .ULVKQDQ 50 %HHOHQ 5 3HWHUV
$ 2VWUR % %UXQHNUHHI % .DXIPDQ -'
  /RQJWHUP DLU SROOXWLRQ H[SRVXUH DQG
FDUGLRUHVSLUDWRU\PRUWDOLW\DUHYLHZ(QYLURQ
PHQWDO+HDOWK
>@ .DPSD0&DVWDQDV(  +XPDQKHDOWK
HIIHFW RI DLU SROOXWLRQ (QYLURQ 3ROOXW 
±
>@ $PDWR)%HGRJQL03DGRDQ(4XHURO;
(DOR 0 5LYDV ,   &KDUDFWHUL]DWLRQ RI
5RDG 'XVW (PLVVLRQV LQ 0LODQ ,PSDFW RI
9HKLFOH )OHHW 6SHHG $HURVRO DQG $LU 4XDOLW\
5HVHDUFK±
>@ ,1(0$5$USD/RPEDUGLD  ,1(0$5
(PLVVLRQ ,QYHQWRU\  HPLVVLRQ LQ 5HJLRQ
/RPEDUG\  SXEOLF UHYLHZ $53$ /RPEDUGLD
6HWWRUH $ULD KWWSLQHPDUDUSDORPEDUGLDLW
$FFHVVHGGDWH 
>@ (0(3(($ $LU 3ROOXWDQW (PLVVLRQ ,QYHQWRU\
  7HFKQLFDO JXLGDQFH WR SUHSDUH QDWLRQDO
HPLVVLRQ LQYHQWRULHV /X[HPERXUJ 3XEOLFD
WLRQV2IILFHRIWKH(XURSHDQ8QLRQ,661
±
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>@:+2 5HJLRQDO 2IILFH IRU (XURSH  
+HDOWKULVNDVVHVVPHQWRIDLUSROOXWLRQ±JHQHUDO
SULQFLSOHV&RSHQKDJHQ'HQPDUN±
>@+XUOH\ ) +XQW $ &RZLH + +ROODQG 0
0LOOHU%3\H6:DWNLVV3  0HWKRGR
ORJ\IRUWKH&%$RIWKH&OHDQ$LU)RU(XURSH
&$)(  3URJUDPPH +HDOWK ,PSDFW $VVHVV
PHQW
>@+XWK5%HFN&3KLOLSS$'HPX]HUH0
8VWUQXO = &DK\QRYD 0 .\VHO\ - 7YHLW
2(   &ODVVLILFDWLRQV RI $WPRVSKHULF
&LUFXODWLRQ 3DWWHUQV 7UHQGV DQG 'LUHFWLRQV
&OLPDWH5HVHDUFK$QQ1<$FDG6FL
±
>@,&$586 '   )LQDO UHSRUW RQ
LQWHJUDWHG DVVHVVPHQW RI SROLFLHV :3
,QWHJUDWHGDVVHVVPHQWIRUVKRUWWRPHGLXPWHUP
SROLFLHV DQG PHDVXUHV  3URMHFW (8+ 
3URMHFW (8+ *UDQW$JUHHPHQW
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SOUND AGRICULTURAL PRACTICES IN TURKEY:
ENVIRONMENTAL IMPACT ON THE ENHANCEMENT OF
SOIL FERTILITY
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Istanbul University-Cerrahpasa, Department of Engineering Science, Engineering Faculty, Avcilar Campus, Istanbul 34320, Turkey

provides economic growth as well as industrialization and urbanization. However, it should not be
overlooked that this growth causes destruction and
pollution of nature. This destruction of nature must
be prevented in order to leave a more livable environment for future generations [1].
Nowadays, agricultural activities are the primary factors for humankind to continue their lives.
The increasing world population makes agriculture
more significant. Word population, which was 2.5
billion in 1950, more than doubled in 2000 (a period
of 70 years) and reached 7.6 billion. In the future
projection, it is estimated that this population will
reach approximately 9.5 billion people in 2050 and
after 100 years. It is estimated that the world population will increase by 100%. Declining agricultural
areas due to the ever-increasing population will continue to be strategic resources in the future. Achieving sustainable efficiency from agricultural areas
that are highly sensitive to natural and human factors
and leaving a clean environment for future generations depends on the planning of these areas within
the framework of scientific principles and the establishment of use in this direction [2-3].
In one of the studies conducted on a global
scale for this purpose; an agreement which includes
food safety principles in order to protect international standards on "Animal and Plant Health" in foreign trade of agricultural products, has been established by the World Trade Organization (WTO). The
first one of the "Sanitary and Phytosanitary
Measures" (SPS Agreement) is "Hazard Analysis
and Critical Control Points" in food (HACCP), and
the other one is (GAP) which means "Good Agricultural Practices" and it is aimed be applied in agricultural production [4].
The Food and Agriculture Organization (FAO)
has also worked on the principles of Good Agricultural Practices (GAP). Finally, large retailers from
European Union countries came together and formed
the "Euro-Retailer Produce Working Group
(EUREP) and they prepared the EUREPGAP (EuroRetailer Produce Working Group Good Agricultural
Practices). Protocol about the principles of good agricultural practices in fresh fruit and vegetables in
1999 [4-5]. With the legislative changes made in
2004 in Turkey; "Good Agricultural Practices",
which is defined as a type of agriculture that gives

ABSTRACT
Since the Neolithic period, agriculture has been
the primary economic activity for humanity. The
rapid increase in the world population led to an increase in the demand for food where agriculture and
agricultural production became of prime importance.
As urbanization and industrialization in Turkey and
worldwide gained momentum from the 1950s, agricultural land has become compromised with a significant portion of agricultural land losing its primary
function. Today, demographic pressures and demands by the tourism industry continue to increase.
In this case, the future of agriculture land and its economic value, in Turkey, threatens prospects for
higher agricultural production. To maintain the viability of agricultural activities to meet growing population demands, an increase in the available agricultural land and the conservation of soil fertility are a
prerequisite.
There must be good agricultural practices and
an increase in organic farming in Turkey. Even
though there had been relevant improvements, it is
not sufficient. In addition to these practices, the use
of chemicals that are not harmful to human health in
the IV and higher-class soils, which have agricultural
limitations due to various physical conditions, will
have positive effects on the product quality, as well.
In this study, we examined developments showing
good agricultural practices in terms of human geography, in recent years. In addition, we will survey
which types of polymers can be used to increase soil
fertility and what are the possibilities to obtain them
naturally from renewable resources that are environmentally compatible.
KEYWORDS:
Human Geography, Population Growth, Urbanization,
Good Farming, Soil Yield of Polymer

INTRODUCTION
It is a known fact that the world population is
increasing, but the amount of fertile land is decreasing. The planned and rational use of soil material
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Turkey are fairly old due to the settlements of ancient
civilatizations. Küçük Menderes, Büyük Menderes,
Gedis, Bakırçay and Bursa Plains in the western part,
Konya Plain in the middle part, Çukurova and Harran Plains in the southern part, Çarşamba and Bafra
Plains in the northern part are the fields where agriculture has been intensely carried out since the past.
Turkey mainly has a hilly land structure. 55.9%
of the land in Turkey has elevations above 1000 m.
and 62.5% of the land has a slope more than 15.0%
[7]. In the country where the Black Sea, Mediterranean, Terrestrial climate is observed, the sea effect
cannot be penetrated into the interior parts because
of the direction of the mountains in the north and
south, so the sea effect on the north and south coasts
is limited to the slopes facing the sea. In the Aegean
region, which is located in the western part of the
country, as the mountains lie perpendicular to the
sea, the sea effect penetrates along the wide graben
plains; thus, large and fertile agricultural areas are
found in these areas. In Turkey, land use and topographical structure and climate conditions of geographical areas have relationship between each
other. Therefore forestry in Turkey's humid regions,
the livestock in high, mountainous and arid regions,
and crop production in each region can be made [7].
In Turkey cultivated areas occupy an important
place in total agricultural areas. Cultivated areas,
which were 15.398.000 ha in 2019, cover approximately 40% of the total agricultural areas. This is followed by meadow and pasture lands with 14.617.000
ha [8]. The fact that there has been no decrease in
meadow and pasture lands in the last 18 years is a
pleasing development for animal husbandry. However, increasing these areas to meet the needs of the
increasing population will be an important dynamic
that can develop animal husbandry. Another feature
that draws attention is that fallow areas which gradually decrease. The fallow lands, which were
4,914,000 ha in 2002, decreased to 3,387,000 ha by
2019 [8]. Besides the improvement of irrigation opportunities, the adoption and implementation of
good agricultural techniques day by day have been
effective in the reduction of fallow lands. As good
agricultural practices become widespread, it is predicted that fallow practice will disappear in the next
10 years and those areas can be cultivated every year,
thus it will lead to increase agricultural production.
In the Table 1. the total population, the total agricultural area and physiological intensity of Turkey
between the years of 2007 to 2019 are shown. When
Table 1. is analyzed, the population in 2007 showed
a steady increase from 70,586,256 people, reaching
83,154,997 people in 2019 and increased by approximately 20%. On the other hand, there was a decrease
of about 7% in agricultural areas in the same period.
Physiological density increased from 1.79 to 2.20 in
the same period.

importance to human health and the environment
and has high product quality and efficiency, has been
become applicable.

MATERIALS AND METHODS
Good Agricultural Practices in Turkey are examined in our study and impacts on the environment
of agriculture this style were included. Additionally,
our study focused on the environmental effects of
good agricultural practices. Furthermore, it has been
investigated which polymer systems that are compatible with good agricultural practices can be used to
increase soil fertility. A literature study on good agricultural practices was made from different sources
and descriptive scanning method was used at the beginning of the research, Informations and statistics
of Turkey's Ministry of Agriculture on good agricultural practices have been provided and various tables
and graphs are created for these data. The effects of
polymeric additives for increasing the agricultural
yield in V and upper class soils were also examined
and interpreted in this study.
Turkey is on a region where agricultural activities can be seen continously since ancient times until
now; owing to the presence of suitable climatic conditions, fertile agricultural land and water resources
Agriculture, which is the most significant economic
activity in meeting the food needs of humankind,
maintains its significance against the increasing population in the past and today. Turkey has important
agricultural basins in all of its 7 regions. Climatic
differences have affected the variety of products in
Turkey where the Mediterranean, the Black Sea,
continental climate and subgroups can be seen. The
main agricultural products are the cereal group in the
inner parts where the sea effect is less; olives, citrus
fruits, figs and grapes in the south and west coasts
where the Mediterranean climate is effective and tea,
hazelnuts, corn and vegetables in the northern part,
in the Black Sea coasts.
Turkey's agricultural basins are areas with similar microclimate conditions and generally defined
by topographical boundaries. In this study, an evaluation was made on a regional basis by taking these
basins into consideration.

RESULTS
An overview of agricultural life in Turkey.
Agriculture is one of the most necessary and widespread form of production in the world. While agriculture is the most common economic activity on
earth, agricultural lands are also the most significant
resources on the earth [6]. Agricultural activities in
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TABLE 1
Total Population & Total Agricultural Area and Physiological Intensity of Turkey (2007-2019), [8].
Years
Population
Agricultural Area (ha)
Physiological Density
70.586.256
39 504 000
1,79
2007
71.517.100
39 122 000
1,83
2008
72.561.312
38 912 000
1,86
2009
73.722.988
39 011 000
1,89
2010
74.724.269
38 231 000
1,95
2011
75.627.384
38 399 000
1,97
2012
76.667.864
38 423 000
2,00
2013
77.695.904
38 558 000
2,02
2014
78.741.053
38 551 000
2,04
2015
79.814.871
38 328 000
2,08
2016
80.810.525
37 964 000
2,13
2017
82.003.882
37 797 000
2,17
2018
83.154.997
37 716 000
2,20
2019
Sound Agricultural Practice in Turkey. The
natural conditions of any region are a determining
factor for the high quality agricultural products that
can be grown in that geographical unit. Good agricultural practices are practices that include various
agricultural techniques that take care of human
health and the environment for this purpose. In general, in this form of agriculture, environmentally
harmful chemical fertilizers and intensive farming
techniques are used as little as possible to protect the
natural environment and human health, and in a
sense, it also includes organic agriculture. The Regulation, published by the Ministry of Food, Agriculture and Livestock in 2004, created the legal basis
for Good Agricultural Practices. With the "Good Agricultural Practices Regulation" published in the Official Gazette dated September 8, 2004 and numbered 25577 in our country, production has been ensured in accordance with the world and Europe
EUREPGAP rules. With this regulation, the aim is to
realize a production model that does not harm human
and animal health, adopts an environmentally
friendly agricultural production, ensures traceability
and sustainability in agriculture, the protection of

Today, the fertile agricultural lands in Turkey,
especially in the coastal tourism functions are translated to the tourist area of concern with the annuity,
and agricultural areas are moving away from their
main functions. In the areas we pointed out here, the
balance in human and economic activities is being
disturbed day to day against agriculture. The second
homes and tourism facilities are rapidly increasing
on highly fertile agricultural areas very close to the
shoreline. This balance, which is being rapidly disturbed against agriculture because of economic concerns and on the purpose of profitability, has come
to be a threat for the local tourism function. This is
an unsustainable situation for a country like Turkey
very valuable agricultural land. It is extremely important to create new agricultural areas that will satisfy the food needs of the increasing population and
to prevent existing agricultural areas from being
transformed and used for different purposes. For this
reason, good agricultural practices and organic farming practices that include correct agricultural techniques should be widespread throughout the country.

Years
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
Rate of Chenge

TABLE 2
Sound Agriculture Situation in Turkey (2007-2019), [11].
Number of Cities
Number of Producers
Production Area (da)
18
651
53.607
19
822
60.231
42
6.020
1.702.804
48
4.540
781.741
49
3.042
499.632
47
3.676
837.171
56
8170
985.099
53
21.332
2.147.705
61
39.740
3.465.695
64
55.609
4.741.075
64
72.236
6.247.107
63
73.286
6.156.137
66
61.894
5.396.073
95 fold
101 fold
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natural resources and food safety [9]. The most important reason for the adoption of the regulation of a
large part of Turkey's fresh fruit and vegetable exports is the European Union countries. Turkey in
fresh fruits and vegetables produced in the chemical
residues and safe agricultural products to be returned
from Europe for reasons similar to the orientation
thus provides good agricultural practices [10].
There have been significant developments in
conjunction in Good agricultural practices in Turkey
with a regulation issued in 2004. When the values
given in Table 2. are analyzed, good agricultural
practices in 53,607 areas in 2007 increased 101 times
in 2019 and reached 5,396,073. The number of producers increased 95 times in the same period, reaching 61,894 from 651 farmers. The number of cities
where good agricultural practice is practiced also increased from 18 to 66. This success in the last 12
years shows that good agricultural practices are supported by the state and adopted by the farmers success in Good Agricultural Practices, as will improve
the quality of grown products, will enable Turkey to
compete with foreign markets originated in the exportation of agricultural products.
When analyzed on regional basis, it is understood that the Southeastern Anatolia Region is in the
first place in terms of production area. (2.292.921
da.) The GAP project, which has been carried out in
the recent past and is still ongoing, has increased the
irrigation of the agricultural lands in the region and
good agricultural practices have been successful
with state support. This region is followed by the Aegean region. (987.079 da.) [11]. In terms of production, the Mediterranean region is in the first place
due to the fact that fruit agriculture is predominantly
made and greenhouse agriculture is a significant
size. As good agricultural practices become widespread, the harmful effects of chemical inputs used
extensively in agriculture on human health will be
prevented, the quality and efficiency of the product
will be increased and the protection of the natural environment will be provided.

Fresenius Environmental Bulletin

5 is unfortunately increasing. In this type of soils,
features such as excessive amount of unwanted ions
or insufficient amount of humic (organic) matter, or
excessive water retention due to presence of excessive clay content are observed. It would be possible
to improve the quality of unproductive soils with
chemicals such as urea, ammonium salts and potassium salts or one can use polymeric materials in order to increase the soil fertility again. The improvement process with polymeric materials, especially
the application of cross-linked polymers, shows obvious advantages to using only chemicals. When
those chemicals is used too much, they may harm
soil composition. The contaminated soil cannot be
used for farming for many years. Polymeric systems
are systems with controlled release technologies and
they release their contents slowly to the soil. The impacts, thus, continue for a long time period. For this
reason, accumulation of ions or chemical substances
on soil does not take place and this led to protection
of soil quality. Among the polymers, acrylic acid and
polyacrylamide based materials (polymers and hydrogels) are widely used in agriculture [12]. General
structure of the polymers are shown in Figure 1.
However, considering environmental protection and
sustainable development, polymeric systems obtained from environmentally friendly and sustainable sources emerge as promising materials. There are
still intensive studies on these areas. Renewable resources are mainly vegetable and animal based. Protein based, carbohydrate and oil based monomers
and polymers can be obtained from renewable resources. Although there is no protein or oil based
polymeric system for the improvement of agricultural soils. When oil-based molecules are examined
their use for the development of agricultural soils is
promising due to the location of their reactive
groups, as well as the fact that they can be easily
modified and obtained in a pure form [13-14-15].
The only polymeric materials obtained from renewable sources and currently commercially available
are carbohydrate-based materials. Structures of this
type of polymeric materials are shown in Figure 2.
Of these, alginate polymers containing carboxy
functional groups and chitosan polymers containing
amino groups can be extremely effective in increasing the fertility of soils because they can both give
hydrogels and release controlled release, and also absorb anion and cation due to their functional groups
[16-17].

Increasing soil fertility. Due to the high population growth rate, immigration to the cities and unplanned urbanization, percentage and fertility of agricultural areas is getting lost. Even only considering
the growing rate of population, there is a great need
to increase the fertility of agricultural areas. The percentage of areas with agricultural productivity below

FIGURE 1
Structures of a- Polyacrylic acid and b- Polyacrylamide [12].
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FIGURE 2
A-B / Structures of the repeating units of the cellulose based polymers. (a-carboxyl (-COOH)
functionalized b- amino (-NH2) functionalized)
Environmental impact assessment. The population in the world is constantly increasing and the
need for food is increasing in parallel. The unavoidable rise of the population causes new settlements
and other human activities to move generally on fertile agricultural lands. Only 40% (USA and European Countries) of the lands that are still used as agricultural land in the world are processed with modern agricultural methods. With the applied systems,
pastures and forests are sometimes destroyed, and
approximately 1 million hectares of agricultural land
are disposed of every year due to improper and unintended land use. and the natural environment has
begun to be negatively affected. Agricultural
based pollution Fertilizers, Pesticides (Biocides,
Pesticides) Irrigation occurs due to other faulty agricultural practices. Irreversible degradation, soil loss
and air pollution in coastal areas are also increasing.
Among these problems, pesticide pollution is a very
common problem. Widespread applications of pesticides have caused many problems in modern agriculture. Since some pesticides are very effective, they
affect human health and recipient environments negatively besides the target audience. Pesticide particles contaminating natural environment, agricultural
products and animals as a result of agricultural activities infect people in consumer status and cause
many health problems. Good agricultural practices
have severely limited the use of pesticides. The
amount of pesticides used in Turkey increased by
53.9% between the years 2002-2016. Insecticide use
was 46.88% of total pesticide use in 2002, while this
rate dropped to 28.97% in 2016. Despite the increase
said year as absolute as the use of herbicides in Turkey, the share of total pesticide use has not changed
too much. The most types of pesticides used in Turkey since 2008, is fungicidal [18-19]. The reduction
in pesticide use in Turkey in recent years is a positive
development although it is not enough. It is extremely important to encourage and expand organic
agriculture within the scope of good agricultural
practices. In a clean and sustainable environment,
agricultural life will play an important role in both
human health and protection of the natural environment.

CONCLUSIONS
Today, agricultural areas are among the most
sensitive and unprotected areas against human intervention. A significant part of the globally productive
agricultural lands are also in the area of interest of
other human activities, and tourism activities, industry, etc. non-functional uses are seen. Therefore, agricultural areas are one of the most exploited natural
resources. These sites are also heavily preferred for
settlement, so they face a significant population pressure. The transfer of agricultural lands to future generations depends on protecting them in the light of
scientific studies. Countries need to be strictly supervised in order to plan, take legal steps and make the
most of these areas. In addition, the imposition of legal restrictions and strict control will play an important role in preventing the misuse of highly productive agricultural areas. Organizing various seminars, festivals and trainings to raise awareness on
this issue among non-governmental organizations,
farmers and local people will also contribute to the
targeted purpose. Although the development in recent years with good agricultural practices in Turkey
is not yet at a sufficient level. Organic agriculture in
Turkey with more support in good agricultural practices are important for agriculture and promoting
sustainability. In addition to these applications, the
use of chemicals that do not harm human health in
IV and higher class soils, which have agricultural
limitations due to various physical conditions, will
have positive effects on both product quality and environmental health. The Covid-19 epidemic, one of
the most important health problems experienced today, has proven that no application that is incompatible with the natural environment is in the best interest of humans. This pandemic provides people with
a unique opportunity to understand the natural environment and to make it sustainable. For this reason,
it has become imperative for people to consider environmental conditions and human health in all human and economic activities. There is no doubt that
the existence of agriculture in any region helps to
preserve the natural characteristics and rural identity
of that region. However, the point that conventional
agriculture has reached today is not very pleasant
due to the use of intensive chemical inputs. Good agricultural practices will also ensure that agriculture,
which has always been the primary sector in human
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history, is at peace with the environment and does
not harm human health.
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ABSTRACT

INTRODUCTION

In this study, the mission of agriculture, which
is the primary sector, in meeting the most basic need
of humanity, was investigated. Declining
agricultural lands in parallel with the increasing
world population and the functional status of organic
agriculture on these agricultural lands have been
examined. On the other hand the organic farming
activities in Turkey is evaluated in terms of product
design. The export and import data of these products
have been tabulated by compiling up-to-date
information on organic agriculture and marketing
from various statistical portals and articles.
Descriptive scanning method was used in our study.
In the study, the declining agricultural lands
due to the increase in urbanization and industrial
activities on the world scale since the 1950s and the
insufficiency of these lands against the increasing
population are mentioned. On the other hand, the
environmental damage caused by conventional
agriculture, which is intensively carried out today,
has been examined. Organic agricultural activities
that are friendly to both the environment and human
health and the marketing opportunities of these
products has been evaluated in order to eliminate this
damage. As is known, demographic pressures on
agricultural land continue to increase. In order to
prevent this pressure and to protect the agricultural
lands for future generations, it is needed to plan these
regions in the light of scientific data with correct
agricultural techniques and policies. The Covid-19
outbreak seen today has made it inevitable to protect
agricultural areas. In this sense, organic agriculture
should be positioned with effective marketing
strategies by combining both production and
marketing activities

As is known, agriculture cannot be done in
every region of the world due to natural limitations.
Especially in order to grow agricultural products
with high economic value and nutritious properties,
first of all, climate, topography and soil conditions
suitable for the agricultural product must be found
[1]. With the increase of population of the world, the
need for food is gradually increasing, while the
agricultural areas are gradually decreasing.
Although it is aimed to increase the yield per unit
area with intensive farming techniques, chemical
fertilizers and pesticides used extensively in this
agriculture form play a negative role on human
health. Rapid economic development and heavy demand for environmental goods hinder the sustainability of natural resources [2]. Therefore, people who
are aware of this danger have started to prefer
organic agricultural products more. Although rapid
population growth requires agriculture in large
plantations, organic agriculture develops locally in
many regions of the world.
The Covid-19 epidemic, which started to affect
the world in 2019, seriously affected our lives in
many areas from health, trade, agriculture to tourism.
One of the most important outcomes of the epidemic
has been the preservation of ecological balance and
naturalness. Mankind has begun to become aware of
the importance of natural life. At this point, the
importance of organic agriculture has been emerged.
The use of agricultural inputs that are completely
compatible with nature and do not harm the
environment has increased the importance of organic
agriculture. In the pandemic process that started with
Covid 19, people has turned towards ecological
agricultural products, and started to prefer products
that are healthier and less harmful to world
resources.
Besides, recently geographical signs have
started to become a very important concept in
commercial life and consumer market. In other
words, a 'geographical sign' means a high-quality
symbolic product according to similarities, shaped
by natural conditions or human and economic
conditions of a particular geographical location. The

KEYWORDS:
Human Geography, Agriculture, Marketing, Environment,
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SDGs) [4]. This "organic agriculture action plan"
proposed for green scope requires community,
environment and inter-country cooperation for a
more sustainable agricultural practice. Agricultural
development strategy for developing countries need
to be geared towards increasing the productivity of
land under cultivation, with reduced cost, higher
efficiency use of inputs with little or no harm to both
human and the environment [5]. According to
Regnold, [6]; organic farming aims at improving soil
fertility by providing an ideal soil system for plant
growth. It improves the physical, chemical and
biological properties of the soil and thus, builds up
the soil health [5]. Organic farming It is a set of
efforts to restore the natural balance lost as a result
of incorrect practices in the ecological system in
order to protect the natural environment and human
health [7].
It can also be defined as a certified process in
production, which includes human and environmentally friendly production systems and recommends
organic and green fertilization, alternating agriculture, soil conservation, increasing the resistance of
the plant, benefiting from parasites and predators,
instead of using synthetic chemical drugs and
fertilizers [8]. Organic agriculture aims to prevent
further deterioration of agricultural ecosystems that
have deteriorated with wrong practices such as fastmelting synthetic fertilizers, pesticides, the use of
transgenic varieties and monoculture, and to restore
the damaged ecosystem itself. The purpose of
organic farming is not to feed the plant, but to ensure
the long-term productivity of the soil [9]. Organic
production aims to preserve biodiversity by using as
few inputs as possible. It is a human-environment
oriented production approach based on natural
balance and improvement. Use of organic farming,
no doubt, the best scientifically proved environment
friendly approach in maintaining environmental
balance of our agriculture and ecological systems
[10].
Organic agriculture has had an increasing
market in the world due to the above mentioned
benefits. In recent years it is seen a significant
increase in organic farming activities in Turkey.
Organic farming activities in Turkey has began with
the demand of the organic agriculture products
(raisins, dried figs, dried apricots, hazelnuts,
legumes and cotton) by the companies in Europe in
the mid-1980s. The efforts of these companies to
introduce the production technique contributed to the
development of organic agriculture activities [11].
The following table (Table 1) provides some data
related to organic farming activities in Turkey
between the years 2009-2019. When the Table is
examined, it is seen that the number of organic
farming products increased from 35.565 to 79.563.

potential of organic agricultural products to be a
geographic brand name has became an impotant
issue.
Because of increased demand for organic
agricultural products in Turkey day by year,
especially in recent years, organic farming has
shown a significant improvement. The production
area, which was 501.641.000 hactares in 2009, has
increased to 545.870.000 hectares (as of 2019) in the
last 10 years. Parallel to this, the amount of product
produced has increased approximately 2 times.
(Table 1)

MATERIALS AND METHODS
In this study it is examined along export and
import data of organic farming activities in Turkey,
has investigated the impact of organic agriculture on
the environment. Descriptive screening method was
used in the study, and a wide literature review on
organic agriculture was made. Information and
statistics on organic agriculture and marketing have
been blended and tabulated with the information
obtained from the statistics portal of the Ministry of
Agriculture and various articles. Turkey has the
appropriate climate and topography that has the
potential to make the most advanced organic farming
activities. With this advantage, it has the potential to
meet both domestic and foreign demand in organic
agriculture production. In our study, suggestions
were made regarding the improvement of organic
agriculture, taking into account the import and
export data.

RESULTS
Organic
Agriculture
in
Turkey.
Conservation of natural resources is an urgent
problem for the whole world. The first reason for this
is the increasing world population. The second
reason is the increase in economic activities with this
population increase [3]. As a result of the human's
relationship with the earth and the human and
economic activities arising from these relations,
natural resources are rapidly decreasing, but the need
for food of people is constantly increasing due to the
constantly increasing population.
It is thought that access to healthy food rather
than food will be a significant problem in the near
future. The European Union green deal has proposed
the “organic farming action plan” to render this
farming system more sustainable for climate
mitigation and adaptation and to meet the United
Nations Sustainable Development Goals (UN-
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Years

Number
of Crops

2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019

212
216
225
204
213
208
197
225
214
213
213
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TABLE 1
Organic Agriculture Situation in Turkey (2009-2019), [12].
Number of
Farming
Natural
Total
Producers
Area (ha)
Gathering Area
Production
(ha)
Area (ha)
35.565
325.831
175.810
501.641
42.097
383.782
126.251
510.033
42.460
442.581
172.037
614.618
54.635
523.627
179.282
702.909
60.797
461.395
307.619
769.014
71.472
491.977
350.239
842.216
69.967
486.069
29.199
515.268
67.878
489.671
34.106
523.778
75.067
520.885
22.148
543.033
79.563
540.000
86.885
626.885
74.545
505.140
33.283
545.870

Production
Amount
(tons)
983.715
1.343.737
1.659.543
1.750.127
1.620.387
1.642.235
1.829.291
2.473.600
2.406.606
2.371.612
2.030.465

(ha*1.000)

As it is seen in Table 1, the amount of product
obtained as a result of organic farming activities in
Turkey has reached its best level in the last 5 years
with 2.4736 million tons in 2016. When we look at
the data for the last 2 years, there is a slight decrease
in the amount of product. The main reason for this
decrease is thought to be the increases in import
items due to the applied agricultural policies. In
2018, the production areas reserved for organic
agriculture reached the highest level with 626.885
ha.
Most of the organic certified products are
exported to countries such as the European Union
countries, the United States of America, South
Korea, the United Arab Emirates and Japan [9]. In
the near future, it is estimated that there will be a
significant increase in organic agricultural areas and
exports with government incentives. People prefer
organic products more than before in order to be
healthier and protect themselves against virus
threats. This differentiation in consumer behavior
has led to changes in traditional activities related to
economic and marketing in the market.
The Covid 19 epidemic, which is experienced
today and deeply affects human activities, provides
a unique opportunity for people to understand nature
and to spread economic activities compatible with
the environment. For this reason, it has become a
necessity to protect the environment and protect
natural areas in economic activities in the postepidemic world.

Since organic farming activities are carried out with
completely natural methods, far from industrial and
settlement areas and without the use of pesticides,
artificial fertilizers and hormones, they have very
positive effects on the environment.
Excessive use of pesticides and similar
chemicals, especially used as agricultural pesticides,
has negative effects on human health as it increases
environmental pollution. It is known that increases
in various diseases, especially cancer cases, are
associated with pesticide use. Chemical substances
such as nitrite, nitrate and lead both cause
environmental pollution by mixing with the soil and
cause chronic diseases in humans. Organic agriculture, through its systemic approach and avoidance of
agro-chemical use, prevents natural resources degradation, loss of land and productive potential [14].
In this sense, organic agriculture minimizes the
risks mentioned above. On the other hand, it
provides an important safety for the consumer since
organic agricultural products can be monitored
through control and certification processes. Since
organic agriculture has the potential to minimize the
environmental problems mentioned below, its use
against conventional farming methods should be
widespread and supported. In addition, soil capability classes to be created as a result of soil analysis in
line with this, land use and management should be
provided [15].
x Nitrate Accumulation and Nitrogen Losses
x Groundwater Pollution
x Pesticide Residues
x Increase in Greenhouse Gases
x Degradation of Biodiversity
x Pollution in Coastal Areas and Soil
Nitrogenous fertilizers, which are frequently
used today, are the leading chemicals of this type.
The wastes of these fertilizers leak into the soil and
both pollute the soil and create a significant pollution
in groundwater. Another environmental problem
caused by intensive agricultural uses is global
warming caused by greenhouse gases. Especially the

Environmental conditions for organic
agriculture. Technological developments and rapid
population growth after the industrial revolution
revealed the necessity to increase the amount of
agricultural production. As a result of this
requirement, the use of intense chemicals, which
increases the production amount, has become
widespread all over the world. However,
uncontrolled and high doses of chemical applications
left serious damage to nature and human health [13].
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accumulation of CO2, CH4 and N20 emissions in the
atmosphere are factors that increase the rate of global
warming. This situation causes erosion of
agricultural soils, desertification, depletion of
organic material from the soil and salinization of
soils. For this reason, the excessive use of fertilizers
and pesticides that cause agricultural pollution
should be limited and training programs should be
organized to raise awareness of producers on this issue [15].
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dominated by the use of fertilizers, seeds, pesticides
and agricultural inputs in accordance with laws and
regulations in order to protect the natural
environment and human health, have a high potential
to be products with geographical signs [7].
Increasing health awareness in recent years and the
current Covid-19 epidemic have increased the
demand for organic products, and this has caused a
change in the purchasing behavior of consumers.
Marketing in Organic Agriculture Products.
Agriculture is considered as a strategic sector for
every country. Agricultural activities in Turkey are
carried out intensively since the neolithic period. It
is one of the rare countries rich in hydrographic and
vegetation (vegetation geography) where 4 seasons
can be experienced due to its geographical location
and more than one climate type can be seen. The
landforms formed in the 3rd geological period
allowed the formation of suitable grabens and
coastal plains and these areas have become natural
agricultural areas.
Environmental sustainability, which requires
handling agricultural activities together with their
economic and social aspects, is an important issue
that requires all individuals and institutions to take
responsibility together. Recently, there has been a
great awareness of the society in terms of nature and
environmental awareness. Structural change has
accelerated in developed countries due to the high
level of awareness of healthy living and the demand.
Developing countries, on the other hand, have been
involved in this process as a result of the desire to
respond to the increasing foreign demand for these
products. Initially the main reason for the growth of
organic agriculture in Turkey, defined as meeting
foreign demand and exports to be increased
accordingly. However, recently organic agricultural
activities have started to gain more importance due
to the increasing domestic demand [13].
The data on organic agricultural products
exported in 2019 in Turkey are shown in the Table
2. According to the Table, wheat and wheat products
constitute the highest export items with 31.194 tons
in terms of amount. Although the share of wheat and
wheat products in total exports is 41.1% on amount
basis, their share in total percentage is 5.46% in the
opposite rate. Based on these rates it can be said that
Turkey's export marketing makes more sense in
terms of the orientation of the kinds of products that
can provide greater returns. As stated in Table 3,
Turkey's olive exports is quite low. It is seen that it
is far behind the market in terms of export figures
and branding when compared to other countries due
to low economic return agricultural products. In the
future, if these deficiencies are corrected, organic
olive export has the potential to become a
locomotive sector. Likewise, the leader in hazelnut
production in the world in the export table as seen in
Turkey is not at the desired level.

Geographical Signs. Geographical signs have
started to become a very important concept in
commercial life and consumer market in recent
years. In its basic sense, a 'geographical sign' means
a high-quality symbolic product according to
similarities, shaped by natural conditions or human
and economic conditions of a particular geographical
location. In other words, it identifies products that
are identified and gained fame with that
geographical location. Undoubtedly, products
bearing a certain geographical mark; it is seen as
products which are trusted by consumers, which are
preferred and which form a special market in their
own right. These characteristics can be described as
a market created by consumers who exhibit different
homogenous characteristics to consumers and who
exhibit different buying behaviors. This particular
market has a very advantageous and strong market
structure compared to similar products with its own
marketing components. In this sense, the
encouragement of geographical signs will also
support rural development.
Some popular examples of Turkey's geolabeled products are shown in Tables 2 and 3,
geographical signs act as a locomotive especially for
the producers and then the economies of the
countries, especially in the field of agricultural
economy. High quality products reach the end
consumer very quickly in domestic and foreign
markets due to their geographical signs and high
recognition. Therefore, these and similar products
are among the most preferred products [16].
The concept of geographical sign is quite a new
concept for our country. It was first used in France
in the early 20th century in the world. The origin and
properties of the products are tied to certain rules and
regulations in the Paris Convention. The concept of
geographical sign is also encountered in the
applications of the European Economic Community
and the European Union established after it. In
Turkey, the first geographical sign applications in
the real sense started in 1995 with the Decree Law
No. 555 and the registration authority was given to
the Turkish Patent Institute [16]. Although the fertile
agricultural lands in our country are decreasing day
by day, agricultural production will always maintain
its importance due to the increasing population.
Organic agriculture products, which are a certified
agricultural model in which natural conditions are
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TABLE 2
The most exported organic products in 2019 Turkey, [12].
Product Name
Quantity
Quantity
Cost ($)
Quantity
(Piece)
(Tone)
%
Wheat
31.194,53
11.913.987,26
41,1
Fruıt
16.733,92
65.242.625,00
22,05
Grape
9.536,31
27.895.275,66
12,56
Fıg
6.895,86
40.306.275,00
9,08
Hazelnut
4.440,76
31.964.563,27
5,85
Aprıcot
3.744,10
14.727.473,00
4,93
Vegetable
1.146,61
1.694.270,52
1,51
Others
850,03
2.198.960,80
1,12
Corn
815,38
2.983.475,42
1,07
Olive and olive oil
178,22
394.232,08
0,23
Spices
137,75
1.850.383,93
0,18
Milk and Products
105,53
129.053,19
0,14
Pistachios
85,87
1.566.455,26
0,11
Poultry products
39,46
89.979,74
0,05
Egg
615.427
184.628,09
Total
615.427
75.904,32
203.141.638,22
100

Cost
%
5,86
32,12
13,73
19,84
15,74
7,25
0,83
1,08
1,47
0,19
0,91
0,06
0,77
0,04
0,09
100

TABLE 3
The most imported organic products in 2019 Turkey, [12].
Product Name
Quantity (Tone)
Imported Country
USA, Germany, Algeria, France, Netherlands, UK, Iran,
Date
598,0
Israel, Pakistan, Saudi Arabia, Tunisia
Sunflower
25,3
Ukraine, Bulgaria
Plum (dried)
63,7
France, Argentina, England
Black Cumin
52
India
Tomato (sauce)
52
Netherlands
Apple (dried)
137,0
Kyrgyzstan
Apple Cider Vinegar
40
Germany
Coconut
89,0
Sri Lanka, Netherlands, Germany
Flax Seeds
276,0
Kazakhstan
Licorice root
716
Georgia, Kazakhstan
Banana Puree and Flake
42
France, Ecuador
Soybean
1.518
Ethiopia
Sesame Seed
112
Uganda
Total
3721
While the hazelnut export was 4.440 tons in 2019,
the revenue obtained from this was only 15.74%.
Despite the high profitability of this product, the
desired level in product sales could not be achieved.
There is a need for developing branding and
marketing strategies in hazelnuts as in olives.
Many agricultural products imported by
Turkey are already grown. What needs to be done
here is to support the producers and enterprises
engaged in organic production with serious
incentives, to increase their product range and to
ensure that they are exported. Via increasing the
brand value, a better position can be achieved among
other Mediterranean countries. In the future we
believe to a point where Turkey can see value in all
world markets with its cultural and natural beauties
will come.

CONCLUSIONS
High rates of population growth rate in Turkey,
with irregular migration from east to west are factors
that reduce agricultural production. Intensive
farming techniques used to meet the food needs of
the increasing population also require the use of
chemical products harmful to human health. Organic
agriculture is a form of agricultural production in
which intensive inputs are used the least or not at all.
Organic farming products are preferred by more and
more consumers because of their benefits. Organic
agricultural products, whose importance has
increased both in the domestic market and in the
foreign markets, are an important item in the export
of countries. Particularly, the large share of the
cereal group in the export item limits economic
growth in exports. Therefore, the export of
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agricultural products such as olives and hazelnuts
with high economic value should be focused on.
Turkey with its geographical advantage,
combined with effective marketing activities have
the potential to enter in among the most advanced
agricultural countries in the world. But, it should
make the producers products much stronger both as
a geographical branding and as a country brand by
focusing on marketing and branding studies. The
Covid-19 pandemic has created a unique opportunity
in history to show that no business activity that is
incompatible with nature and the environment can be
successful. Based on this definition, organic
agriculture creates an important alternative to
existing farming systems. In addition to this feature,
organic agriculture offers a sustainable living space
with its quality products, obtaining geographical
signs, supporting regional tourism activities, and
clean energy resources. Such epidemics have created
a great awareness of people living in large
metropolitan areas that the current settlement and
lifestyle is inadequate. For this reason, epidemics
have revealed that it is a very important concept for
countries to meet their own domestic markets and to
be economically self-sufficient. Turkey's climatic
and geographic conditions provide a very clear
superiority of our country in the global food
competition. Turkey needs to promote the
production of high-quality agricultural products in
the international market preferred using this
potential.
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management problem that needs to be solved [1].
Apart from health and safety concerns, the environmental burden of waste management systems is also
a matter of concern. Therefore, solid waste management models with less environmental burden are becoming preferred [2].
The concept of environmental sustainability is
one of the main criteria in the design of waste management systems [3]. Waste management is the
name given to all of the practices carried out to reduce the impact of waste materials on the environment and to increase material and energy recovery.
Sustainable waste management requires a four-stage
decision process in order of importance: Avoiding
waste generation as much as possible; recovery of
waste when waste generation is unavoidable; energy
recovery from waste (incineration) in cases where
recovery is not possible; Evaluation of the landfill
option if waste is still generated as a result of all this.
The first step in the waste hierarchy is the reduction
of waste at its source. If this is achieved, the amount
of waste to be processed and disposed of will also be
reduced.
When it comes to the management of an existing waste, it is considered appropriate to follow the
hierarchy first and then to reduce the waste first and
then to apply recycling. Waste treatment and disposal options should only be considered after appropriate waste reduction techniques have been implemented.
Landfill technologies are also expected to contribute to environmental sustainability [3]. It is generally known that the environmental impacts of solid
wastes in the collection and transportation processes
are significant before they are taken to the landfill. It
is important to develop and implement new and more
environmentally friendly collection transport systems aimed at responding to this area. One of the applications that reduce the carbon footprint in the
management of solid waste is the technology of obtaining energy from landfill gas.
Life cycle assessment (LCA) is a system used
to measure and quantitatively explain the concept of
sustainability. LCA is defined by the Society for Environmental Toxicology and Chemistry (SETAC) as
“an objective process that will evaluate and implement opportunities that will affect environmental developments by determining the environmental burden, energy, materials used and the types and

ABSTRACT
Solid waste management (SWM) models
implemented in municipalities in the Mediterranean
and Aegean regions of Turkey, while responding to
the waste management needs of cities, also pose a
burden on the Mediterranean environment. In this
study, the analysis of the environmental burden
arising from urban solid waste management and the
requirements to reduce this burden were
investigated, focusing on the city of Izmir, on an
Aegean Sea coast. Within the scope of the study,
environmental burden was analyzed by landfill gas
impact modeling and life cycle assessment (LCA).
In the LCA process implemented, the processes of
transportation, collection, transfer to the transfer
station, landfilling in the sanitary landfill and energy
generation from the gas generated during the
management of urban solid waste are included in the
system boundaries. EPA LandGem Model was used
for the evaluation of the landfill gas and SimaPro
8.5.0 software was used for the LCA study.
As a result of the study, it has been determined
that the total emission reduced by landfill gas energy
production facility in one year in İzmir is
approximately 0.50 million tons of carbon dioxide
equivalent, and the contribution of urban waste
disposed through landfill to global warming is
approximately 45 million tons of CO2 equivalent in
one year. Contribution of solid waste management to
ozone depletion 701.3 kg CFC-11 equivalent,
contribution to smog formation approximately 59.0
million tons O3 equivalent, respiratory effect It was
found to be 1814 tons of PM10 equivalent and its
contribution to the formation of carcinogenic
substances was 20.75 CTUh.

KEYWORDS:
Carbon Footprint, Landfill Gas, Energy Conversion,
Waste Transport, Life Cycle Assessment

INTRODUCTION
Factors such as rapid population growth,
changing social life conditions, development and use
of non-biodegradable products cause an increase in
waste production; this raises an urban solid waste
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collection, transportation, material recovery,
incineration, composting and landfill steps in his life
cycle assessment study for waste management in
Sakarya city. Within the scope of the study, it was
stated that spatial data, software and literature
resources in the city of Sakarya were used[12].
When the studies are examined, it is seen that
the analysis of the waste collection, transportation,
material recovery facility, recycling, composting,
incineration and landfill processes are done within
the scope of the scenarios. In this whole, studies in
which components such as transfer stations, leachate
treatment plant, energy generation from landfill gas
are included in the system boundaries and detailed
analysis of the current situation with application data
is very limited. In this study, it is aimed to determine
the real environmental burden of the urban waste
management model applied in Izmir by taking all the
elements within the scope of waste management
within the system boundaries and using the
application data. Since the primary objective in the
urban waste management practices carried out in
Izmir to date is to minimize the burden created by
the waste on the environment, the environmental
burden created during the waste management was
not calculated, therefore, the actions to be taken to
minimize this burden were not determined. Within
the scope of this study, with the environmental
assessment of the existing solid waste management
model, changes that can be made to provide the
highest benefit and the lowest environmental impact
are revealed. More than 90% of the urban waste
produced in Izmir is disposed of in landfills.
Although there are small-scale irregular landfill
areas in some districts, these areas are in the process
of being closed gradually. Although recovery efforts
are tried to be continued in some districts, they are
still at a symbolic level as they cannot be spread to
the general public. Urban wastes, which represent
over 90% of the urban waste management in Izmir
and are disposed of through landfill, are the subject
of this study.

amounts of wastes given to the environment of a
product, process or activity” [4].
LCA is a systematic and analytical method that
defines the environmental impacts of products, integrated systems and services, inputs and outputs of
processes as environmental burden. These environmental effects are evaluated on the basis of natural
resource consumption such as climate change, depletion of the stratospheric ozone layer, eutrophication,
acidification, and toxic emissions. By applying this
method, it is possible to prepare the necessary technical and scientific infrastructure to interpret all the
inputs and outputs of the system in an environmental
sense and to include more environmentally friendly
options in the process.
LCA applications are generally carried out in
four stages:
1) Objective and scope definition,
2) Inventory analysis,
3) Impact analysis,
4) Interpretation[5].
It is known from the literature that various
studies have been conducted in different countries to
evaluate the environmental impacts of waste
management model scenarios related to the
incineration or landfill of urban waste. For example,
Tang et al. [6] evaluated the total life cycle of an
urban waste incinerator using the LCA method. In
the study [6], the effect of incineration of wastes on
global warming, acidification, eutrophication,
photochemical ozone formation was investigated.
Allegrini et al. [7] evaluated the environmental
impacts of the urban solid waste incineration system
using the YDD method. Wassermann et al. [8]
compared the environmental impacts of existing
landfills with those of landfills for incinerator ash
and future landfill for effluents from Mechanical
Biological Treatment Plants (MBT). Turconi et al.
[9] evaluated the environmental performance of
urban waste incinerators in Italy and Denmark.
A limited number of studies have been carried
out in this area in Turkey. Ozeler et al. [10]
developed urban solid waste management scenarios
for the city of Ankara and compared the
environmental burden of each scenario by making a
life cycle assessment. Within the scope of the
scenarios, the steps of collection and transportation
of waste, reduction at the source, material recovery
facility/transfer station, incineration, anaerobic
digestion and landfill were evaluated. Data such as
population projection, waste composition, waste
management practices and cost calculations were
used in the study. Banar et al. [11] applied the life
cycle assessment method to develop the optimum
urban solid waste management strategy for
Eskişehir. Researchers have compared the possible
environmental effects of waste collection,
transportation, material recovery facility, recovery,
composting, incineration and landfill processes as
scenarios[11]. Yay [12] evaluated the waste

MATERIALS AND METHODS
In the study, first of all, system boundaries and
level of elaboration were determined for all stages in
the current solid waste management. Input and output analysis have been made for all stages within the
system boundaries, and the actual energy, water, raw
material use and associated environmental emissions
have been determined qualitatively. The functional
unit is determined as 1 ton of urban waste produced
and managed in Izmir city. The system boundaries
of the study include collection-transportation, transfer station, sanitary landfill, leachate treatment plant
and energy production stages (Figure 1).
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FIGURE 1
System boundaries and qualitative input-output analysis (Salihoğlu et al. 2019).
dium voltage, TR market) data was used in the energy consumption calculation. The raw material and
energy consumption rates consumed in the system
have been reduced to functional unit basis and associated with inputs and outputs. Some of the data
needed within the scope of the study was obtained
from Izmir Metropolitan Municipality and district
municipalities, and then entered into SimaPro 8.5.0
software after being downloaded to the functional
unit specific. Ecoinvent, LCA Food DK and Agrifootprint databases were used, ReCiPe and TRACI
methods were applied. In addition, landfill gas generation potential and environmental impact were determined by modeling landfill gas. The USEPA
LandGEM Model (version 3.02) was used for this.
While applying the model, the methane emission
rate was accepted as k:0.04 year-1, the potential methane emission capacity was Lo: 100 m3/ton, the methane content in the gas was 50%, and the plant lifetime was accepted as 30 years.

In İzmir province, there are 10 transfer stations
in total in the districts of Buca (Gediz), Bornova, Konak (Halkapınar), Menemen (Türkelli), Urla, Menderes (Kısık, Gümüldür), Kınık, Selçuk and Seferihisar. There are 8 transfer ramps in total in
Torbalı, Karşıyaka, Çeşme, Kemalpaşa, Foça,
Karaburun, Dikili and Ödemiş districts. Wastes from
the Dikili Transfer Ramp are sent to the Bergama
Solid Waste Sanitary Landfill, and the wastes from
the Ödemiş Transfer Ramp are sent to the Kiraz
Irregular Landfill Site. The remaining wastes
from the transfer station and ramps are directed to
the Harmandalı Solid Waste Landfill [13].
In this study, calculations are made for Izmir in
general (including wastes from all districts and the
landfills in Harmandali and Bergama). For the
fuel/ton waste data used in the collection and transportation calculations, especially the data of the central district municipalities (Konak, Bornova and
Buca) were used and the average values were calculated. The average data obtained was used considering the distance of the districts to the landfill areas.
The energy and fuel burden at the transfer station is
included in the environmental burden of Halkapınar
and Gediz districts whose wastes are transported to
these stations/ramps [13]. Evaluations for the leachate treatment plant were made by taking into account
the energy costs and the polymer consumption used
in sludge management. SimaPro Turkey mix (me-

RESULTS AND DISCUSSION
Management of urban solid waste in Izmir.
93,26% of the urban waste produced in Izmir is
disposed of in the Harmandali sanitary landfill
station. The annual amount of waste accepted to the
Harmandali landfill is at the level of 1.839.064
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directly to Bergama and Harmandali landfills and the
amount of waste produced (tons/month).

million tons. 6,74% (132.760 tons/year) is disposed
of in Bergama sanitary landfill and minorly Tire irregular landfill. The average percentages of the
waste compositions disposed of through landfill are
given in Table 1 [13].
The distribution of urban waste arriving at the
Harmandali landfill by districts is shown in Figure 2.
TABLE 1
Waste characterization values
of Izmir districts [13].
Material
Avg (%)
Paper-Cardboard
2,27
Glass
10,60
Pet
7,36
Bag
8,31
Plastic
7,36
Metal
0,81
Organic Waste
54,36
Electric-Electronics
0,10
Hazardous Wastes
2,02
Composite
54,36
Textile
6,75
Diapers
6,75
Other Combustible
7,90
Other Non-Combustible
4,75

FIGURE 2
Distribution of urban waste arriving at
Harmandali sanitary landfill by districts.
Figure 4 shows the amount of waste
transported, distance traveled and fuel spent.
Landfill gas emission. Energy is obtained
from the landfill gas formed in the Harmandali
landfill area. In Table 3, the basic financial indicators
specified during the establishment of the power
generation facility are given.

As seen in Figure 2, 32.35% of urban waste is
brought to Harmandali landfill from Konak,
Bornova and Buca districts. Wastes from Cigili and
Bergama districts are transported to the Bergama
sanitary landfill via the transfer station operated by
the Izmir Metropolitan Municipality. Types and
numbers of vehicles used in waste transportation are
shown in Table 2. Different amounts of waste are
produced in districts that send waste to landfills. The
most important factor in the amount of waste
produced is the population of the district. Figure 3
shows the population of the districts that send waste

TABLE 2
Types and numbers of vehicles used in waste
transportation.
6-10 m³
13-18 m³
20-22 m³
vehicle
vehicle
vehicle
Konak
16
9
1
Buca
29
11
1
Bornova
19
10
1

FIGURE 3
Population of Izmir districts and amount of collected waste.
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FIGURE 4
The amount of waste carried by district municipalities, roads taken and spent fuel.
of global warming. In this way, a significant amount
of greenhouse gas emissions are avoided, both
directly and indirectly. According to the modeling
study conducted by taking into account the installed
capacity of the landfill gas power generation facility
located in the Harmandali landfill, the total emission
reduced by the power generation facility is at the
level of 0.512 million tons of carbon dioxide
equivalent/year. According to the modeling study,
the gas collection efficiency is around 57%.
Accordingly, although energy is obtained from the
gas, it should not be forgotten that the environmental
burden of the landfill areas can be significant due to
the methane gas that cannot be collected and released
into the atmosphere, and the natural resources used
during landfill.

TABLE 3
The main financial parameters of the landfill gas
power plant [15].
Parameter
Unit
Value
Total investment
$
17.432,000
cost
Installed power
MW
9.8
Annual electricity
GWh/year
68.6
generation
Annual operating
$
1.764000
expenses
Municipality's share
%
41
TABLE 4
Distribution of landfill gas components formed
in Harmandali landfill area
% CH4 % CO2
% O2
%Trace
Gases
Avg
51.0
34.3
0.6
11.7
Maks
59.4
40.4
1.7
26.8
Min
45.3
28.2
0.0
1.0
Std
1.7
0.9
0.0
2.8

Leachate treatment. The leachate generated in
the Harmandali landfill area is treated with a 3-stage
pre-treatment plant built in 1992 with a capacity of
500 m³/day, consisting of 2 parallel lines including
aerobic and facultative lagoon and sequential batch
activated sludge systems. Leachate pollution
burdens are at the level of 14000 mg/L, 35000 mg/L
and 2000 mg/L for BOD5, COD and TSS
parameters, respectively. The monthly average COD
of the treated water is 4000 mg/L. By adding
polymer to the sludge at the bottom of the facultative
lagoon, it is passed through a belt press, where it is
brought to 25% solids content and then sent to the
landfill. Figure 6 shows the variation of the energy
consumed in leachate treatment according to the
leachate flow rate.

The average level and minimum-maximum
ranges of the landfill gas components obtained are
given in Table 4.
Figure 5 shows the graph obtained according to
the future projection of the gas formed in the
Harmandali landfill, made with the LandGEM gas
emission model.
Obtaining energy from landfill gas means
making methane gas, which has a high potential to
contribute to global warming, less harmful in terms
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FIGURE 5
Projection of gas emission rates with the EPA LandGEM model.

FIGURE 6
Variation of the energy consumed in leachate treatment according to the flow rate.
on the environment with 1 ton of municipal waste
was found to be 1.96 kPt. In other words, the burden
of 1 ton of urban waste is equal to the annual
environmental burden of 1.96 people. When we
interpret this for all urban waste produced in Izmir in
a year, it is seen that the environmental impact
associated with urban waste produced and stored in
Izmir in 1 year is equivalent to the environmental
impact of all production and consumption activities
of 2312891 people for 1 year. It has been calculated
that the effect of the waste disposed of in one year
through landfill in Izmir on human health is
equivalent to the effect of approximately 2.5 million
people in one year.
When the effects were evaluated according to
the TRACI 2 V4.01 method, it was possible to
calculate the effects in their equivalent units.
Accordingly, the values obtained on the basis of
impact categories are shown in Table 5.

Life cycle assessment. In the evaluation, when
the environmental impacts arising from the
management of urban solid waste produced in Izmir
are calculated, it is seen that the biggest impact is in
the direction of climate change and then fossil
resource consumption. The % distribution of
environmental impacts resulting from the
management of 1 ton of urban waste by categories is
shown in Figure 7. According to the figure,
approximately 97% of the impact is on climate
change and 6% on fossil resource consumption.
The ReCiPe method, an internationally
accepted analytical method, was used in the
calculation made here. According to this method, all
effects are weighted and expressed in points (Pt) or
kilopoints (kPt). One kPt is defined as the burden
given to the environment by 1 person living in the
western world in 1 year.
Here, all production and consumption activities
of the person are taken into account. The total impact
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Ozone in the stratosphere provides protection
from radiation, which can cause an increased
incidence of skin cancer and cataracts in humans. It
is known that ozone also has an effect on plants and
sea creatures. Substances that cause depletion of the
stratospheric ozone layer are expressed in units of
chlorofluorocarbons (CFCs). These substances are
found in refrigerants, defoamers, solvents, and
halons used as fire extinguishers. For this reason, the
contribution to the depletion of the ozone layer is
expressed as CFC-11 equivalent in the TRACI 2
method while making the life cycle assessment.
Particulate matter refers to the sum of small
particles in the outdoor air. These particles can have
various negative effects on human health such as
respiratory tract diseases and death. Particulate
matter can be released as particulate matter or as a
product of chemical reactions in the air (secondary
particulate matter). The most common precursors of
secondary particulate matter are known as sulfur
dioxides (SO2) and nitrogen oxides (NOx). The most
common sources of primary and secondary
particulate matter are burning fossil fuels, burning
wood, and dust from roads and fields. Children, the
elderly, and people with asthma are more sensitive to
particulate matter than other people. For this reason,
in the TRACI 2 method, the respiratory effect is
expressed as particulate matter 10 (PM10)
equivalent in life cycle assessment.
Ground-level ozone results from various
chemical reactions that take place between nitrogen
oxides and volatile organic compounds in the
presence of sunlight. It causes various respiratory
diseases such as bronchitis, asthma and emphysema
on human health.
Permanent lung damage can occur with
prolonged exposure to ozone. It can cause ecological
damage to various ecosystems and damage to plants.
Major sources of ozone precursors include motor
vehicles, electric power plants and industrial
activities. For this reason, in the TRACI 2 method,
the contribution to the formation of dirty fog (smog)
is expressed as O3 (ozone) equivalent when
evaluating the life cycle. When we interpret the data
for all urban wastes produced in Izmir in a year, the
values in Table 6 are obtained.
The biggest part of the environmental impact
arises from the fact that urban wastes are managed
by landfill rather than recycling. When we exclude
the impact caused by the landfill of wastes, we see
that the size of this impact is equivalent to the 1-year
environmental impact of 152314 people when we
calculate the impact caused by the collectiontransportation of urban wastes, landfill operation and
leachate treatment in just 1 year. The fact that energy
is obtained from landfill gas reduces this effect.
When we take into account the positive effect arising
from the transformation of landfill gas into energy, it
is seen that the total effect regressed to the 1-year
effect of 99117 people.

FIGURE 7
Distribution of environmental impacts of urban
solid waste management by categories in Izmir
TABLE 5
Expression of the environmental impact
resulting from urban waste management in
Izmir in equivalent units (for 1 ton of waste)
Total/tons of
Impact category
Unit
waste
kg CFC-11
Ozone depletion
0.000564049
eq
Global warming kg CO2 eq
40.130.375
Smog
kg O3 eq
43.422.266
Acidification
mol H+ eq
-13.102.332
Eutrophication
kg N eq
-1.314.277
Carcinogenic
CTUh
1.92E-06
Non-carcinoCTUh
-5.14E-06
genic
Respiratory efkg PM10
1.4018842
fects
eq
Ecotoxicity
CTUe
-37.913.972
Considering Harmandali and Bergama landfills
together, when the data obtained from the
Harmandali landfill on the basis of functional units
are used in the calculation of all wastes, the
contribution of the urban waste disposed through
landfill in Izmir in 1 year to global warming was
found to be approximately 45.8 million tons CO2. Its
contribution to the formation of smog is
approximately 59 million tons of O3 equivalent, its
contribution to the depletion of the ozone layer is
701.3 kg CFC-11 equivalent, its contribution to the
formation of carcinogenic substances is 20.75 CTUh
and its respiratory effect is 1814 tons of PM10
equivalent. The negative values in Table 5 are due to
the positive environmental contribution from
generating energy from the landfill gas.
CTUh is used as a unit of comparative toxicity
to humans and expresses the rate of disease
(morbidity) in the human population per kilogram of
chemical emission exposure.
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climate change is the collection & transportation
sub-component in the evaluation made on the subcomponents of the system. This is followed by the
effect of leachate treatment. It appears that impacts
from landfill operation account for a lower
percentage than impacts caused by other
subcomponents.

When the environmental burden created by the
sub-components is compared with each other, it is
seen that the environmental burden caused by waste
transportation is higher than the other subcomponents. Figure 8 shows the comparison of the
system subcomponents in terms of environmental
burden.
TABLE 6
Environmental burden of urban waste
management subsystems in Izmir.
Items that make up the
kPt/tons of waste
Environmental Burden
All Effects*
1.96
Collection &
transportation +
Landfill Operation +
Leachate Treatment

Fresenius Environmental Bulletin

CONCLUSION
The following results were obtained within the
scope of this study, in which the management
processes of urban solid waste produced in Izmir
were analyzed with the life cycle evaluation method:
Considering the energy obtained from the
recoverable part of the landfill gas, which consists of
1.839 million tons/year of waste stored in the
Harmandali landfill, it has been observed that the
total amount of emissions reduced by the power
generation facility is approximately 0.5 million tons
of carbon dioxide equivalent/year.
It has been observed that approximately 97%
of the environmental impact arising from the
management of urban solid waste produced in İzmir
is above climate change and 6% is above the
consumption of fossil resources.
It has been observed that the environmental
impact associated with the urban waste produced and
stored regularly in the city in 1 year is equivalent to
the environmental impact of all production and
consumption activities of 2312891 people for 1 year.
Most of this effect is due to the fact that urban wastes
are managed by landfill rather than recycling.

0.16

Collection &
transportation +
Landfill Site Operation
0.10
+ Leachate Treatment +
Energy from Landfill
Gas
* Value when including environmental impact from
landfilling.
The % distribution of the effect of the system
sub-components in the distribution according to the
effect categories is shown in Figure 9. In Figure 9,
when the effect of the landfill of waste is not
evaluated, it is seen that the biggest effect causing

FIGURE 8
Comparison of environmental burdens of Izmir urban waste management system sub-components.
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FIGURE 9
Percentage distribution of the effect of system subcomponents.
When we exclude the effect caused by the
storage of wastes, when we calculate the impact
resulting from the collection-transportation of urban
wastes, landfill operation and leachate treatment in
just 1 year, it is seen that the size of this impact is
equivalent to the 1-year environmental impact of
15311 people. The fact that energy is obtained from
landfill gas reduces this effect. When the positive
effect resulting from the conversion of landfill gas
into energy is taken into account, the total effect
regresses to the 1-year effect of 99117 people.
When the environmental impact is evaluated
according to the endpoint categories, it is seen that
the highest impact is on human health,
The contribution of urban waste, which is
disposed of through landfilling in Izmir in 1 year, to
global warming is approximately 45.8 million tons
of CO₂ equivalent. Its contribution to the formation
of smog is approximately 59 million tons of O3
equivalent, its contribution to the depletion of the
ozone layer is 701.3 kg CFC-11 equivalent, its
contribution to the formation of carcinogenic
substances is 20.75 CTUh and its respiratory effect
is 1814 tons of PM10 equivalent,
When the environmental burden created by
the sub-components is compared with each other, it
is seen that the environmental burden caused by
waste transportation is higher than the other subcomponents. Recovery of landfill gas as electrical
energy reduces the total burden on the system.
According to the results obtained, suggestions that can be made to develop the waste management system in Bursa in a more environmentally
friendly way are as follows:
The largest part of the environmental impact
(>99%) calculated for the waste management system
in Izmir is due to the fact that the generated urban
waste is stored in landfills. While the environmental
burden of the annual waste stored in the Harmandali
landfill is approximately 45 million tons of CO2
equivalent / year, only approximately 1.5 million
tons of CO2 equivalent / year is due to collection &
transportation, field operation and leachate

treatment. For this reason, the primary work to be
done in order to reduce the environmental impact
should be to increase the reduction/recovery rate of
domestic waste at source in Izmir.
When the sub-components in the urban solid
waste management system are compared, it is seen
that the collection & transportation component has
the biggest impact. In the metropolitan law, the duty
and responsibility of waste collection &
transportation is given to the district municipalities,
and the final disposal authority is given to the
metropolitan municipalities. In this approach, each
district municipality within the borders of the
metropolitan municipality tries to fulfill the waste
collection & transportation service with different
tender specifications, different vehicle and container
types. Standardization in vehicle and container
types, coordination and information flow between
district
municipalities
and
metropolitan
municipalities, and control of collection and
transportation processes are among the issues that
need to be addressed first.
The amount of road and spent fuel in waste
collection
&
transportation
cause
high
environmental impact. It is possible to establish and
operate smart systems that can reduce the
environmental and economic burden caused by
collection and transportation and create an
alternative to existing solid waste collection systems.
For this, preferences such as the use of collection &
transportation optimization models, the selection of
appropriate vehicles and containers, and the
determination of waste disposal and collection
points according to the optimization model will yield
positive results.
When the gas emission data obtained in the
landfill area is compared with the scientific models,
it is seen that the gas collection efficiency in the
Harmandali Landfill is approximately 50-58%. It
may be possible to increase this efficiency with some
measures to be taken in field operation and gas
piping. One of the measures that can be taken may
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waste management within the framework of
sustainability and zero waste principles. In this way,
it will be possible to reach both economical and
ecological solutions.

be to maintain the daily soil cover layer at a certain
thickness.
It is important that the contractor carrying out
the field operation and the contractor performing the
gas collection work act in coordination, and that the
data flow is evaluated by the contractor and the
employer by comparing them with scientific models.
In this regard, one of the most progressive decisions
that the city administrators can take is the operation
of the existing site and the newly designed site as a
bioreactor landfill. Bioreactor landfills will provide
advantages in controlling greenhouse gas emissions,
increasing energy supply from landfill gas and
minimizing storage volume demand.
Mass balance studies should be carried out in
the leachate treatment plant. Establishing a mass
balance between the amounts of leachate caused by
waste decomposition, leachate generated by waste
transport vehicles coming to the landfill, and
leachate entering the treatment plant and discharged
from the treatment plant will help determine the
efficiency measures that can be taken in this facility.
Depending on the quality and quantity of the
leachate that has changed over the years, the
efficiency of the treatment plant should be reevaluated considering the pollution burden it will
bring to the treatment plant it is connected to. This
assessment will contribute to the reduction of the
environmental burden created by the facility.
There is no concept such as the landfilling of
recyclable wastes in a solid waste management that
serves
the
understanding
of
sustainable
development. Landfilling recyclable materials in
waste means that the natural resources and energy
spent while obtaining these materials are completely
lost. For each unit of waste mass sent to landfill,
while there is a short-term solution with landfill,
another problem arises, and when the process is not
well-managed, a new problem of higher cost and
complexity is encountered. Waste generation,
collection & transportation, landfill occupation,
landfill operation, leachate treatment, etc. entails
environmental and economic burdens. However, the
remaining fraction of the waste treated in
mechanical-biological treatment facilities (MBT)
should be landfilled. The main task of the city
administrations should be to develop waste
prevention projects that may cause changes in the
behavior patterns of individuals towards creating
waste, to support the reduction of waste at its source,
and to establish the infrastructure of recyclingrecovery systems within the framework of the waste
hierarchy. While transitioning to integrated waste
management in cities, the geography of the cities,
personnel structure, financial infrastructure, possible
environmental
burdens,
technology,
socioeconomic, socio-cultural etc. Many parameters need
to be taken into account. The outputs of studies such
as Life Cycle Assessment will provide an important
support for decision makers in order to realize urban
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ABSTRACT

INTRODUCTION

Most of olive groves are designed for extensive
(traditional) cropping systems (< 200 p ha-1),
nowadays high density (HD) or super-high density
(SHD) (up to 2500 p ha-1) are increasingly adopted
because their ability to reduce production costs.
Based on the higher number of trees per hectare and
a considerable use of external inputs (e.g.,
agrochemicals, irrigation), the intensive olive
plantations promise more substantial revenues
derived from the mechanization of harvest and
pruning and an early entry into production. This
should provide local farms with the room to grow by
reaching an economically sustainable paradigm,
however, irrigation water availability and soil slope
might limit the adoption of HD and SHD. Olive
industry in Basilicata region (Southern Italy) is
based on traditional cropping systems with olive
groves also playing an important role in protecting
soil from hydrogeological risks. In Basilicata there
are irrigation networks providing water for
agriculture underutilized in some areas because of
land abandonment or land use with not-irrigated
(less profitable) crops; however, most of lands are
non-flat potentially limiting tree crop cultivations.
In this work, we searched for identifying
suitable areas for establishing new HD/SHD olive
plantations within the Basilicata region mainly based
on distance from irrigation source and soil slope. At
this aim, we used various geo-environmental and
anthropic layers in GIS environment. The obtained
maps can represent a first knowledge base to support
regional policy makers to conceive an appropriate
agricultural strategy focused on fixing the lack of
facilities (e.g., irrigation schemes) and open the way
for innovation approaches able to guarantee
adequate profitability to local farmers.

Italy is the second-largest exporter of olive oil
in the world and this crop represents a crucial asset
for the agricultural economy of Southern Italy. The
fast-changing international markets and the rapidly
changing climate (more frequent droughts, late
frosts, [1,2]) and, recently, the plague of Xylella
bacteria are contributing to reshape the Italian olive
sector and the spatial distribution of this crop [3,4].
The National Olive Oil Plan (2016), established for
revamping the sector, highlighted the need of
modernizing olive cultivation through efficient and
economically sustainable management approaches
able to hold a candle to international competitors
represented also by emerging producing countries
[5] while maintaining cultural heritage and genetic
diversity [6]. In Italy, still today, almost the whole
olive groves conform to traditional cropping systems
which are poor mechanized [7] with low-density
plantations (less than 150-200 trees per hectare),
high productivity per tree counterbalanced by low
productivity per hectare, no irrigation, high
fragmentation of ownership, and high production
costs which mean low profitability. On the contrary,
HD/SHD olive groves are cropping systems
implying different production methods, distribution
of trees, used equipment and yields. Intensive olive
growing makes use of agrochemicals, irrigation
schemes and exhibits a high number of trees per
hectare (200-600) and a regular planting pattern
enabling a partial or total mechanization which
should mean higher profits. SHD olive farms are
characterized by a higher tree density compared with
the HD plantations (up to 2500 trees per hectare with
a typical hedgerow arrangement), a more massive
use of fertilizers/pesticides and irrigation amounts,
fully mechanized practices, and adoption of nonvigorous olive cultivars. These features result in
early entry into production, faster amortization of
sustained costs, increased yields, and higher profit
margins.
The scenario in Basilicata (Southern Italy) is
similar to that found in Italy with a large prevalence

KEYWORDS:
Olive groves, intensive plantations, GIS, suitability map,
Basilicata
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of traditional plantations occupying over 5% of the
regional UAA (Utilized Agricultural Area), shearing
approx. 1% of the total national production (ISTAT
Agricultural Census 2010) and manifesting a high
fragmentation of the ownership (about 0,85 hectares
for each olive farm) and a moderate decrease of
cultivated surfaces in last years (data from ISMEA
[8]);
In the face of the observed reduction of areas
devoted to olive groves in Basilicata, it is worthy of
note that, recently, there have been a few hundred
hectares of super-intensive plantations, opening the
way for alternative cropping systems of specific
candidate areas.
This paper presents a spatially-explicit land
suitability
analysis
integrating
different
environmental and anthropic layers to identify areas
potentially assignable to HD/SHD olive cultivation
in Basilicata. Distance from irrigation network and
slope are relevant constraints to these cropping
systems and therefore were used to finalize the
identification. The findings of the work can help
decision makers to support introduction of new crop
management systems by rationally arranging
facilities and land resources to increase productivity
of areas affected by abandonment and depopulation.

Fresenius Environmental Bulletin

MATERIALS AND METHODS
This work has been conducted by adopting
different vector and raster layers, freely accessible
from various sources (Figure 1):


Boundaries of municipal units of Basilicata
(from the ISTAT - Italian National Institute
of Statistics, see https://www.istat.it/it/
archivio/222527);
 Cadastral information concerning parcels
with olive trees declared by local farms
(years 2013-2014);
 The territorial database of the Corine Land
Cover 2018 (CLC2018) at third level of
detail (see [16]
 Tinitaly DEM (Digital Elevation Model) at
10m of spatial resolution [17]
 Layers from the Geoportal of the Basilicata
Region (RSDI, see https://rsdi.regione.
basilicata. it/):
a) 2017 orthophoto representing the
most recent aerial image available for
the Basilicata territory.
b) Location of the water supply network
of the Basilicata.
All the collected information represents
environmental (i.e., elevation, slope) and anthropic
elements (i.e., distance from irrigation source) useful
to delineate the optimal and sub-optimal spatial
configuration of possible locations of HD/SHD olive
plantations in Basilicata. The CLC2018 has been
established as the starting point because it is the most
recent land use map of the study area providing a
good level of accuracy [18] and including a specific
category associated to olive groves (class 223). This
layer has been further integrated through the dataset
extracted from the cadastral register of Basilicata
dating back to the years 2013-2014. This kind of
information, although less updated, has a finer
spatial resolution able to identify also small areas
covered by olive groves often present within the
Basilicata rural districts. This is the backbone of
areas currently devoted to olive cultivations with an
overwhelming majority of traditional plantations.
The main idea behind the conceived geomatics
applications lies in identifying the other possible
CLC2018 classes that can be converted to intensive
olive groves under specific geo-environmental
conditions. We have firstly excluded urban, forest
and wetland areas, vineyards, and fruit tree orchards
(respectively the 221 and 222 classes of the
CLC2018). Specifically, the expansion areas we
have taken into account are the CLC classes 211
(Non-irrigated arable land), 231 (Pastures), 241
(Annual crops associated with permanent crops),
242 (Complex cultivation patterns), 243 (Land
principally occupied by agriculture, with significant
areas of natural vegetation), 244 (Agro-forestry
areas) and 321 (Natural grassland). The main

STUDY AREA
Basilicata is a region nestled in the heart of
Southern Italy showing a good suitability for olive
groves due to the climate conditions which are
strongly influenced by orography [9] and
encompassing Mediterranean (coastal and lowland
areas), cold semi-arid (south-eastern hilly areas), and
continental climates (mountain areas) [10]. In fact,
olive groves represent the most common tree crop
covering surfaces practically throughout the study
area (particularly the Vulture-Melfese district, the
Agri Valley, the Bradano Basin, a part of Matera
Hills and the Metapontum Plane, see Figure 1a) in
every environment except from high-elevation areas
with continental climates. In many areas, olive
groves are a distinctive element of the Mediterranean
landscapes while have the role of protecting soil,
especially where land degradation phenomena occur
due to a combination of anthropic and natural
predisposing factors [11,12,13]. In particular, olive
growing when managed in a sustainable manner can
prevent or mitigate erosive processes and fulfills a
crucial function in climate change mitigation by
storing carbon [14,15]. Lastly, this crop can
effectively contribute to increase the revenues of
local farms located in areas designated as
disadvantaged/marginal.
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plantations require a permanent and considerable
water input, we have taken into consideration the
distance of agricultural plots from the water supply
network of Basilicata. Also in this case we have
supposed two different values: 500m and 1000m,
computed as buffer areas along the water supply
network and considered compatible distances to
allow an easy connection to local farms. The final
filter applied to the obtained maps has been the
removal of patches occupying surface less than 3000
m2 to identify areas sufficiently wide to enable the
management even under third parties of harvest and

environmental variables playing a significant role in
shaping potential, suitable areas for olive groves are
elevation and slope (derived from elevation). We
have set a threshold value for elevation (<750 m
a.s.l.) so that to remove mountain areas, little suitable
to host olive trees because of its impact on
phenology [19]. At the same time, we have used a
double threshold for slope: 15% and 25% (see e.g.,
https://www.agromillora.com/shd-olive-crops/).
This is aimed at having two different belts of which
the first one (15%) is more restrictive to allow a full
mechanization of agricultural practices (namely
harvest and pruning). Finally, because intensive
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FIGURE 1
a) Tinitaly DEM (Digital Elevation Model) of Basilicata at 10m of spatial resolution with overlapped the
arrangement of regional water supply network and the main toponyms, b) CLC2018 at third level of
detail; c) Spatial distribution of olive groves from the cadastral register (years 2013-2014) in each
municipality of Basilicata.
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As an example, we have tabulated areas for
each municipality of Basilicata taking into
consideration only the more restrictive scenario
(15% slope and 500m distance from water facilities,
see Table 1). The majority of municipalities belongs
to the above-mentioned zones, confirming that there
is room for enlarging areas devoted to this crop in
zones strongly devoted to agriculture.

pruning. To better interpret the produced maps, basic
zonal statistics were calculated on the municipal
boundaries of Basilicata, to know the total extent of
suitable areas for each municipality of the region.
Integration of layers, spatial analysis and any
further calculation were carried out within the GIS
environment of QGIS 3.14.16 (http://qgis.osgeo.
org). Geospatial data were projected to WGS84
UTM zone 33.

TABLE 1
Statistics including the best 10 municipalities for
extent of suitable areas according to the scenario
based on 15% of slope and 500m distance from
water supply network.
Municipalities
Suitable areas
(hectares)
VENOSA
7474,18
IRSINA
6441,24
PISTICCI
6182,79
LAVELLO
4227,88
MELFI
4136,60
MATERA
4002,25
GENZANO DI LUCANIA
3648,03
SCANZANO JONICO
3131,01
MONTALBANO JONICO
2967,12
BERNALDA
2903,87

RESULTS AND DISCUSSION
For each of the four hypothesized scenarios
combining two different slopes (15% and 25%) with
two different distances from the water supply
network (500m and 1000m), we have obtained a
suitability map indicating areas prone to intensive
olive groves from an environmental and logistic
point of view. In addition, each pixel of suitable
areas is marked by the CLC code so that it is possible
to know the previous land cover. As shown in Figure
2, the map built based on the parameters 25% and
1000m obviously holds the record for the extent of
surfaces (about 1380 km2), followed by the scenario
with 15% and 1000m (about 930 km2), 25% and
500m (about 780 km2) and, lastly, 15% and 500m
(the more restrictive scenario with a total area of
about 550 km2). When looking at these maps, it is
evident that there is a wide possibility to enlarge
areas devoted to intensive olive cultivations at the
expense of mainly arable land (CLC class 211 – dark
green colored in Figure 2). The most influencing
factor in delimiting suitable areas is the arrangement
of water supply facilities. The common trait
emerging when analyzing the spatial distribution of
the four suitable maps is the scarce presence of
candidate areas in specific zones.
These zones are located especially within the
Matera Hills and along the middle course of the
Bradano River Basin where lowlands and low-hilly
areas are common, while gentle slopes prevalently
characterize many areas, but irrigation infrastructures are rather far making difficult the potential
change of land cover. On the other hand, probably it
would be appropriate to reinforce and thicken olive
plantations in those areas, already characterized by a
significant presence of this crop, albeit in its
traditional form. In this case, the Vulture Melfese
district, the Metapontum Plane and some
municipalities of the Bradano River Basin can
represent potential locations where to substitute
marginal or less profitable crops (e.g., cereals) with
HD/SHD olive plantations. This might be also
justified by constraints (e.g., virus) impacting other
tree crops such as stone fruits.

CONCLUSION
This paper investigates the possibility to
expand the plantations of intensive olive groves in
Basilicata by simulating different scenarios based on
geo-environmental and anthropic factors. Results
indicate that a wide portion of other regional land
cover classes can be transformed in intensive olive
plantations (always over 500 km2). The dominant
parameter driving the distribution of new suitable
areas is the presence of water facilities as a crucial
condition to feed intensive agriculture. In all the four
simulated scenarios there are large areas having all
the environmental requirements but too far from the
regional water supply network. This suggests to
policy makers how it is possible to improve the
arrangement of regional irrigation infrastructures
considered essential in regions increasingly
vulnerable at climate risk such as Basilicata. In
Southern Italy, this climatic vulnerability is
associated to the decline of competitiveness of local
farms due to the presence of strong competitors
coming from developing countries. The maintenance
of agricultural activities, within areas labelled as
marginal/disadvantaged, by innovating cropping
systems to reach high business margins, can
represent an economic and environmental protection
against depopulation and hydrogeological risks [20].
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FIGURE 2
a) Suitability map based on 25% (slope) and 1000m (distance from water facilities); b) Suitability map
based on 25% (slope) and 500m (distance from water facilities; c) Suitability map based on 15% (slope)
and 1000m (distance from water facilities); d) Suitability map based on 15% (slope) and 500m (distance
from water facilities). The legend reports the CLC classes to which suitable areas come from.
Gestione degli OLIveti e dei processi produttivi
dell’Olio LUCANO (Optimization of Profitability
and Management of Olive and Oil Production
Processes of Basilicata)”, funded by the PSR
FEASR (Rural Development Programme - European
Agricultural Fund for Rural Development)
Basilicata 2014-2020.
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ABSTRACT

INTRODUCTION

Fuels supply and their quality is considered as
the main topic for coming innovations and industrial sustainable development. There are a number
of studies how to make the use of fuels more efficient. The main subject of this paper is to study the
content of some treated fuels mixture and to assess
their heat capacity under different conditions on the
way to be recommended better use in the practice.
LINSEIS thermo-gravimetric differential
(TG-DTA) and scan calorimetry analysis (DSC)
equipment was used on the way to assess their heat
capacity for sustainable use of Carbon, Hydrogen
and Sulfur from fuel mixtures of coal, oil and water
under different gas media. Mass changes and residue obtained were also determined. The content of
Carbon, Hydrogen, Sulfur and Nitrogen were determined using automated Euro EA 3000 analyzer.
Two samples NV-RQ-1 and NV-RQ-2 mixtures of
coal and oil were used during studies.
It was found that the content of Carbon in sample NV-RQ-1 is 82.92% (wt), when in the sample
NV-RQ-2 – it is 88.24% (wt); the content of Hydrogen is respectively 10.07 and 10.15% (wt); Sulfur is
0.1% (wt) and Nitrogen – 0.85 and 1.07% (wt). TGDTG curves confirm that the main mass loses are
generated in Nitrogen media up to 766K are 8889% (wt), when in the air-medium the main loses
are up to 679K and they are 84.8% wt. At final temperatures (about 1668K the mass losses are 8997.0% (wt). The main differences are in the thermal
stability - in Nitrogen atmosphere the residue is in
liquid form and it is between 8.4-9.3% (wt). In the
air-medium the residue mass is about 12.5% (wt)
and it is in a solid form. The enthalpy is much higher
for the sample NV-RQ-1 in Nitrogen atmosphere –
32.5 MJ.kg-1 when for the second sample it only
12.5 MJ.kg-1. On the base the pretreatment applied
for sample NV-RQ-1 is recommended.

Thermal analysis is very often used for characterization of fuel, wastes and assessment of their
properties important for practical implementation of
thermal treatment processes. So the thermal studies
have important place for development of new methods and technologies, related to the implementation
the principles for sustainable development and circular economy [1-10]. Wastes have different origin
and they have different thermal characteristics. The
same time thermal stability determines the process
temperatures and kinetics of decomposition under
different conditions. So thermal analysis studies
help to find out optimal process factors important
for effective waste treatment and utilization [1120]. From that point it could be expected wider use
of thermal studies for development and operation
control of methods and technologies, related to pretreatment and treatment of waste converting them to
valuable renewable fuels or other products.
Thermo-gravimetrical, simultaneous TG-DTGDTA and DSC thermal methods were already recognized legally for characterization, control and
monitoring of wastes [20]. Thermal studies last
years were extended for investigating reactivity and
producing new fuel mixtures [1-10].
The aim of this paper to study thermal characteristics of new fuel and fuel mixture after effective
pretreatment using TG-DTA-DSC thermal methods.

MATERIALS AND METHODS
Experimental. STA PT1600 TG-DTA/DSC
(STA Simultaneous Thermal Analysis), produced
by LINSEIS thermo-gravimetric differential (TGDTA) and scan calorimetry analysis (DSC) equipment was used on the way to assess their heat capacity for sustainable use of Carbon, Hydrogen and
Sulfur from fuel mixtures of coal, oil and water under different gas media. Mass changes and residue
obtained were also determined. The content of Carbon, Hydrogen, Sulfur and Nitrogen were determined using automated Euro EA 3000 analyzer.

KEYWORDS:
Fuels, bio-carbon, TG/DTG-DTA-DSC studies, enthalpy
and thermal stability
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medium more than 3% (wt) and it also must be
considered. Content of moisture mostly affect the
enthalpy value. The enthalpy value is almost 20
times higher when the moisture’s change from 1.3
to 22-24% (wt). Thermo-gravimetric curves confirmed that the mass changes are very active up to
693-708K and after that the mass changes are most
luckily the result of secondary reactions in the solid
phase – oxidation in Air medium or reduction of
metal oxides in inert atmosphere.
The results obtained could be used when feasibility studies are in progress for selection method
of gasification or pyrolysis. The new results obtained are in a good agreement with some of our and
other scientists previous studies [1-7].

RESULTS AND DISCUSSION
Two samples NV-RQ-1 and NV-RQ-2 mixtures of coal and oil were used during studies. Content of main components in samples used are given
in Table 1.
Figures 1-3 and Table 2 represent the results
obtained using TG-DTA and DSC thermal methods.
Obtained results give a very important information about thermal stability of ash’s residue in inert and Air medium. In Air medium ash is more stable and it remains solid up 1673K, when in inert gas
medium for both samples Ash is getting melt at
much lower temperature and the requirements for
equipment used in practice has to completely different. The same time quantity of ash increases in Air

№
1
2

Fresenius Environmental Bulletin

TABLE 1
Content of Carbon, Hydrogen, Nitrogen and Oxygen in samples used
Sample
Element (%)
Carbon
Hydrogen
Nitrogen
NV-RQ-1
82.94
10.07
0.85
NV-RQ-2
88.24
10.15
1.07

Sulfur
< 0.10
< 0.10

TABLE 2
Thermal characteristics determined using TG-DTG-DSC equipment in temperature range 293-1673K
Gas medium
№
Sample
Moisture (%)
Ash (%)
Enthalpy (MJ.kg-1)
NV–RQ-1
24.3
9.3 – liquid phase
32.5±3
Inert
1
NV-RQ-1-O2
22.3
12.6 – solid phase
9.5±3
Air
2
NV–RQ-2
1.3
8.4 - liquid phase
12.5±3
Inert
3

FIGURE 1
ТG-DTG curves for sample NV-RQ-1 in inert gas media
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FIGURE 2
ТG-DTG curves for sample NV-RQ-1-О2 in Air medium

FIGURE 3
TG-DTG curves for sample NV-RQ-2 in inert atmosphere
CONCLUSIONS
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is the largest producer, consumer and exporter of olive oil. The EU produces around 67% of the world's
olive oil; which takes up about 4 million hectares.
Mainly, the EU Mediterranean countries are devoted
to the cultivation of olive trees in traditional, intensive and super-intensive olive groves. In the Mediterranean area, this cultivation is very important, in
fact, the 99% of the olive oil production to EU comes
from Spain, Italy, Greece, and Portugal [1]. In Italy
this is a characteristic agricultural activity of many
regions. The ABASA scientific research project,
funded by Lazio Innova - Region Lazio, CUP:
B81G18000770002 “Green technologies for sustainable agriculture: protection from phytopathogens
and fertilizers from food crops that use biomolecules
obtained from oil mill waste”, involves the use and
enhancement of olive by-products. The chemical and
physical characteristics of these materials depend on
the soil and climatic conditions of the cultivation
area, the variety, the state of ripeness of the olives,
and the processing system adopted. These olive mill
wastes (OMWs), among those of the agri-food industry, due to their: acidity, presence of phenolic
compounds, suspended substances and high organic
load (COD 50,000 - 150,000 mg l-1), can be characterized by a high degree of pollutant and phytotoxic
[2]. The OMWs are also a source of valuable molecules including plant nutrients, anthocyanins, flavonoids, polysaccharides and several phenolics compounds [3,4] with potential industrial applications
such as fertilizers, antioxidants, antifungals and antibacterial drugs, cytoprotective agents, gelling
agents and stabilizers in food preservation [5, 6].
Due to these characteristics, combined with the seasonality of olive production, from October to March
it’s concentrated with large amounts of waste and the
high fragmentation of production activity, primarily
due to the small size of the oil mills, are therefore
unable to guarantee the management cost-effectiveness in the transformation and disposal phase.
Therefore, the need arises to enhance, recover
and recycle these wastes, for the production of compounds of commercial value to be reused in agriculture with environmentally sustainable technologies.
It is possible to reuse agriculture oil mill waste, as

ABSTRACT
The aim of our study was to verify the effect on
plant growth and biomass production of a new olive
mill by-products named "Patè Olive Cake" (POC)
generated by a multi-phase decanter (MPD) technology. POC is an olive mill by-product consisting of
olive pulp, olive skin and vegetative water.
The POC was treated with Eco-sustainable
Separation and Extraction Technologies according
to the methods developed and standardized by the
ENEA Casaccia Research Center.
In CREA Research Center for Agriculture and
Environment (CREA-AA), methodologies and measurement protocols were applied both for the
evaluation of different fractions of POC through
biological laboratory assays to highlight their
nutritional, biostimulant and toxic properties and
trough experimental pot tests for the evaluation for
agronomic use, from the perspective of the circular
economy.
Several studies have been carried out on the
effects of oil mill products on the biological fertility
of the soil but not on the POC.
In the present work the first results obtained are
reported and discussed for the adoption of protocols
for the evaluation of different POC fractions through
laboratory bioassays. This study was conducted
within the Lazio Innova ABASA project, CUP
B81G18000770002 (Agricultural By-products into
valuable Assets for Sustainable Agriculture) .

KEYWORDS:
Patè Olive Cake, Multi-phase decanter, Olives, Bioassay,
Circular economy

INTRODUCTION
The cultivation of the olive tree (Olea europaea
L.) is one of the most ancient agricultural practices
known to mankind. A large quantity of olives is destined for oil production. The European Union (EU)
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b. microbial biomass activity (R), biostimulating activity;
c. microbial biomass quantity (Mc), biostimulating activity;
ppm are referred as mg l-1 of solution for RG and mg
kg-1 of soil for R and Mc. The root growth (RG) bioassay made it possible to evaluate the modification
induced by the POC on the root growth of seedlings,
considering the increase in root development of any
plant species as an indicator parameter. For the test,
the species Zea mays L. was chosen.
In the laboratory, the POC solutions to be tested
were prepared at equal concentrations for all bioassays: 1, 10, and 1000 mg l-1 of fresh weight of POC,
3 replicates and a test with a control thesis were performed.
The seeds of Zea mays L., after careful washing
in running water, were placed on the bottom of special trays and grown in the presence of distilled H2O
only, covered with perforated aluminized paper,
placed in the dark in a climatic chamber a temperature of 25 °C and humidity of 65% for 64h. Subsequently, in the trays the seeds were added with the
different solutions and placed again in the dark in the
climatic chamber at regular intervals of time: 24h,
48h and 72h [9].
The activity of microbial biomass (R) bioassay
method is based on the assumption that metabolically active cells require a constant supply of nutrients and energy which, for the heterotrophic microflora, derives from the transformation of the organic
substance. The determination of the CO2 concentration produced by the microbial biomass present in
the different soil samples prepared in the laboratory
was carried out titrimetrically. The microbial biomass, breathing, produces CO2 which is trapped by
a sodium hydroxide solution at a known concentration present in the hermetic container in which the
soil sample has been placed, where it is transformed
into sodium carbonate.
The soil samples (20 g of soil per sample), to
which the POC has been added in the 3 concentrations, are incubated at 30 °C in hermetically sealed
glass containers in 100 ml beaker where decarbonised water has been placed on the bottom to maintain
optimal humidity conditions. In the same container
is placed a 50 ml beaker containing 5 ml of sodium
hydroxide at a known concentration (0.5 N). [10, 11,
12]. The difference in the titrant HCl volumes for the
samples and for the blank provided information on
the amount of CO2 produced by the microbial biomass present in each sample. This result is reported
as the associated respiration value for each particular
day.
Microbial biomass quantity (Mc) is defined as
the fraction of soil organic matter made up of living
microorganisms smaller than 5-10 μm3. Soil microbial biomass carbon was determined according to the
fumigation-extraction method proposed by Vance et

biopesticides and photoprotectors. As well as to reuse fractions rich in mineral salts and with biostimulating properties, such as soil biofertilizers with low
environmental impact.
In this context, the POC has been studied for
also nutritional reuses and for this reason it has also
been characterized with regard to bioactive compounds [7], however it hasn't been studied much for
agronomic uses as soil improver, fertilizer and biostimulant.
All this in the context of the ever-increasing development of the circular economy to recover products with high added value to be reused in agriculture.

MATERIALS AND METHODS
For experimental test, the Patè Olive Cake
(POC) derived from olive (cv Caninese) was utilized. The oil mill in Vetralla (VT) area was located,
one of the Lazio areas with the highest productivity
of extra virgin olive oil.
This oil mill is equipped with innovative technological systems with a “multi-phase decanter"
centrifugal extractor (Leopard, Pieralisi, Jesi, Italy)
that produces the POC, consisting of a wet pulp obtained without addition of water during the processing.
The experimental test, in the Council for Agricultural Research and Economics, Research Center
for Agriculture and Environment (CREA-AA) laboratories carried out, involved samples from the oil
campaign 2019.
The POC was taken from the mill, selected and
analyzed. A POC fraction was also subjected to a
centrifugation and fractionation process in ENEA laboratories. After POC centrifugation was obtained a
solid fraction (Pellet) and a liquid supernatant fraction ; the latter is further processed with membrane
technologies in order to recover and to study bioactive molecules (work in progress).
In this paper, the results of experimental test
named bioassays, on the POC are reported below.
The evaluation of the results of the bioassays required the combined examination of the 3 different
results through an overall evaluation matrix [8]. Depending on the cross-answers, the effects (hormonal,
biostimulant and fertilizer) of the matrices of interest, used in the research are classified. In particular,
the hormonal, biostimulating or nutritional action of
a product can be deduced from the responses to different application doses, which define broad ranges
in which the different actions can be observed. In the
specific case of our study, in the CREA-AA laboratories, organic-based solutions were prepared, respectively in doses of: 1, 10 e 1000 ppm for the evaluation of the POC using the following bioassays:
a. root growth (RG);
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FIGURE 1
POC effect on root growth (RG) seedlings.
ANOVA: F(3,54) = ,51985 P = ,67042
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FIGURE 2
POC effect on microbial respirometric activity curve (R).
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FIGURE 3
Cumulative microbial respirometric activity (R) 28 days after POC treatment.
ANOVA: F(3, 8)=1,0906, p=,40712
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FIGURE 4
Soil carbon microbial biomass (Mc) in the absence/presence of POC at different concentrations.
ANOVA: F (3, 7) =1,4155, p=,31841
TABLE 1
Bioassays interpretation matrix.
ppm
1
10
1000

POC
(

repressive effect;

RG
p
p

R
p

Mc

p

n

stimulating effect; = not significant effect).

duction of the root growth as consequence of low nutrient amount in the environment, that disappear at
1000 ppm.
The Figure 2 shows the cumulative respirometric curve. From this test carried out on the POC, we
verified the stimulating and/or repressive effect on
the microbial biomass present in the soil placed in
contact with the studied matrices. The assay provided information on the amount of CO2 produced
by the biomass present in each sample. This result is
reported as the associated respiration cumulative
value for each day (Figure 2) and at the end of test
28 day (Figure 3). The results reported in the Figure
2 confirmed the trend showed in the Figure 1.
The results of carbon of soil microbial biomass
are highlighted in the Figure 4. The interest in the
evaluation of soil microbial biomass is due to the
control function it exercises on the major processes
involving the release of nutrients, the turnover of organic matter, the improvement and maintenance of
the soil structure.
Table 1 shows the cumulative bioassay previously described by Benedetti, Baroccio [8] from
which it can be assumed in conclusion that the POC
is able to induce a positive effect on the microbial
biomass at the dose of 1000 mg kg-1. In synthesis the
biostimulant effects produce a depression in functional activity when the availability of nutrients is
very low, on the contrary when the nutrients are sufficient the number of microbials increase.

al. [13]. The total organic carbon of the biomass is
determined on the extracts by means of the oxidation
method with dichromate in an acidic environment.

RESULTS AND DISCUSSION
The main physico-chemical characteristics of
the POC are: Moisture 810 g kg-1; Total N 16 g kg-1;
Total C 664 g kg-1. For macro and microelements: K
7.528; Mg 638.0; P 524.50; B 191.20; Zn 95.20 mg
kg -1.
In the Figure 1 is reported the results of root
growth.
The method allowed a rapid estimate of the
possible biostimulating properties of the concentrations considered, by comparing the root growth rate
of the seeds of Zea mays L. germinated under controlled and standardized conditions. The modification induced by the POC was evaluated on the root
growth of the seedlings, considering the increase in
root development as an indicator parameter. The values obtained from the test were subjected to analysis
of variance following which no significant differences were highlighted between the dosages administered to the POC (Test F not significant).
The Figure 1 reported the effects of different
doses of POC amendment on Root growth. 1 and 10
ppm produce biostimulant effects that appear in a re-

8361

© by PSP

Volume 31– No. 08A/2022 pages 8358-8363

Fresenius Environmental Bulletin

[4] Aggoun, M., Arhab, R., Cornu, A., Portelli, J.,
Barkat, M., Graulet, B. (2016) Olive mill
wastewater microconstituents composition
according to olive variety and extraction
process. Food Chem. 209, 72–80.
[5] Ochando-Pulido, J.M., Pimentel-Moral, S.,
Verardo, V., Martinez-Ferez, A. (2017) A focus
on advanced physicochemical processes for
olive mill wastewater treatment. Sep. Purif.
Technol. 179, 161–174.
[6] Sciubba, F., Chronopoulou, L., Pizzichini, D.,
Lionetti, V., Fontana, C., Aromolo, R.,
Socciarelli, S., Gambelli, L., Bartolacci, B.,
Finotti, E., Benedetti, A., Miccheli, A., Neri, U.,
Palocci, C., and Bellincampi, D. (2020) Olive
Mill Wastes: A Source of Bioactive Molecules
for Plant Growth and Protection against
Pathogens. Biology. 9, 450.
[7] Tufariello, M., Durante, M., Veneziani, G.,
Taticchi, A., Servili, M., Bleve, G. and Mita, G.,
(2019) Patè Olive Cake: Possible exploitation of
a by-product for food applications. Frontiers in
Nutrition. 6(3),1-13.
[8] Benedetti, A., Baroccio, F. (2006) Characterization of the biostimulating properties of fertilizers of different origins by means of bioassays. Fertilitas Agrorum. 1(1), 91-101. ISSN
1971- 0755 (In Italian).
[9] International Organization for Standardization
(2012) ISO 11269-1:2012 Soil quality —
Determination of the effects of pollutants on soil
flora — Part 1: Method for the measurement of
inhibition of root growth. 1-16.
[10] Anderson, J.P.E. (1982) Soil respiration. In:
Page, AL (ed.) methods of soil analysis, Part 2.
Chemical and Microbiological Properties.
ASA-SSSA. Madison, WI. 9(2nd edn.), 831871.
[11] Isermeyer, H. (1952) A simple method for
determining soil respiration and soil carbonates.
Z Pflanzanernah Bodenk. 56, 6–38 (In German).
[12] Riffaldi, R., Saviozzi, A., Levi-Minzi, R.
(1996). Carbon mineralization kinetics as
influenced by soil properties. Biol. Fertil. Soil.
22, 293–298.
[13] Vance, E.D., Brookes, P.C., Jenkinson, D.S.,
(1987). An extraction method for measuring
microbial biomass C. Soil Biol. & Biochem. 19,
703-707.
[14] Official Journal of the European Union, L. 170
(2019) Regulation (EU) 2019/1009 of the
European Parliament and of the Council of 5
June 2019 laying down rules on the making
available on the market of EU fertilising
products and amending Regulations (EC) No
1069/2009 and (EC) No 1107/2009 and
repealing Regulation (EC) No 2003/2003 (OJ L
170, 25.6.2019, p. 1).

CONCLUSION
The experimental activities showed in this
work by the CREA-AA Unit in the ABASA projet,
can represent an innovative protocol to evaluate the
effects of biostimulating substances. The POC is
very important and has recently been the subject of
EU legislation [14].
The first results obtained show that these tests
are sensitive to responses depending on the different
formulation, the doses analyzed and the intrinsic
properties of the POC, a new olive mill by-product.
In conclusion, from the first results obtained it can
be hypothesized that the substances studied may
have both a biostimulating, phytotoxic or bacteriostatic effect, depending on the different concentrations, according to some results presented by Proietti
et al. [15] it can be hypothesized that the POC can
induce a positive effect on microbial biomass at the
dose of 1000 ppm and a repressive effect on root
elongation and soil respiration.
Studies and research activities, are in progress
to test POC activity in model plants cultured in pots
and in soil, in order to investigate the effects on the
plant biomass production and to study the chemical
and microbiological characteristics of the different
soils subjected to such test.
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ABSTRACT

INTRODUCTION

The concept that ecosystem services (ES) are
essential for human well-being is increasingly
accepted and embedded in policies at a local,
national and global scale. Sustainability’s ultimate
goal is to improve and maintain the society’s
welfare by preserving the services that derive from
ecosystems. Therefore it is essential to manage
ecosystems to improve the ES provided and at the
same time achieve the targets set in the
Sustainability Development Goals (SDG) of United
Nations (UN). The Nestos Delta lagoons in North
Greece were chosen as study area due to their high
recorded biodiversity, the significant economic
value and the lack of ecosystem services oriented
research, despite being a protected area. Selection
and quantification of the proper indicators of ES
and SDG is required to develop policies related to
water systems management, thus a list proposed by
Common International Classification of Ecosystem
Services (CICES) and the Organization for
Economic Co-operation and Development (OECD)
Core indicators framework were consulted.The
selection of the indicators was based on: a)
economic and social outputs, b) the Water
Framework Directive (WFD) implementation, c)
their relation to the eutrophication process and d)
the availability of data. In the present study, a
matrix combining indicators of ecosystem services
with environmental sustainability indicators was
created, demonstrating that monitoring ecosystem
services and sustainability are achievable
simultaneously. Since this is the first report of
indicators’ values on the study area, the present
study is important for the progress of the ecosystem
services research area in transitional water bodies.

During the last decade more and more adaptive Ecosystem-Based Approach is used in water
bodies’ management [1, 2]. Ecosystem services
(ES) is a concept that links ecosystem functions to
human societies [3], highlighting that ecosystems’
degradation affects human well-being [4]. The ES
concept is introduced to sustainable management as
a useful tool in strategic planning, decision making
in management of protected areas and coastal planning [5, 6]. Moreover, many authors [7, 8] have
implied that the connection between European
Union (EU) water policy tools as Water Framework
Directive (WFD) implementation process and ES
sustainability can bring a new perspective in the
water bodies management plans.
Since 2009, the need of standardization of ES
description had been widely expressed, especially
of those linked to economic activities [9, 10]. In
addition, Sierzen et al. [11] have underlined the
need of proper indicators to assess ES. In order to
cover the gap and synthesize the methodology for
ES classification and assessment the Common
International Classification of Ecosystem Services
(CICES) was developed, which was last revised in
2018 [12].
At the same time, it is crucial to understand
the way ES contribute in achieving Sustainable
Development Goals (SDG) posed by the United
Nations (UN) [13] for advancing an environmental
approach on development plans [14]. It has also
been already mentioned that each category of ES is
directly or indirectly connected to one or more
SDGs [15]. Therefore, the need of further study and
integration between the ES concept and the sustainability challenges of SDGs targets have been underlined and set as a priority goal by several authors
[16, 17].
Coastal lagoons are dynamic and multifunctional water systems with important economic value
due to their high productivity and biodiversity [18].
Their characteristics lead human societies to develop close interactions causing pressure and often
ecological degradation, mainly due to nutrients
over-enrichment [19]. ES classification, mapping
and assessment in coastal ecosystems is less ad-

KEYWORDS:
Ecosystem Services Indicators, Sustainable Development
Goals (SDG), Matrix, Transitional Water bodies, Coastal
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the Millennium Ecosystem Assessment [4] has been
consulted.

vanced than terrestrial due to the gap on the availability of data [20]. Managers of coastal lagoons face
uncertainty, absence of knowledge as well as the
complexity of the systems. Therefore, scientific
research in this area needs to be carried out and
should moreover be connected to SDGs [8].
Greek lagoons have the potential to deliver
multiple ES, which still haven’t been described,
classified, mapped and quantified [21]. Nestos
Delta (ND) lagoons is a complex of coastal lagoons
which is part of a protected area (Eastern Macedonia and Thrace National Park, Greece) and is also
fisheries exploited. In addition, Keramoti settlement, built on the banks of the lagoon, has tourism
as main economic activity.
Responding to the need to fuse ES indicators
with SDGs, ND lagoons were selected as case study
to develop an interconnected matrix of indicators,
to address both financial and ecosystem profit, as
well as key targets of SDGs. Additionally, the present study is the first attempt to describe and assess
the ES of ND lagoons, covering the lack of data on
ES research and sustainability on transitional water
bodies, assisting at the same time in the future creation of a management tool.

FIGURE 1
Nestos Delta lagoons
For the selection of proper SDG indicators
that could also integrate ecosystem services, the
methodology described by Saladini et al. [24] had
been used. The sustainability indicators selected for
the present study were chosen from the
Organization for Economic Co-operation and
Development (OECD) environmental indicators list
[25], after being linked with Eurostat Sustainable
Development Indicators [26], having regard to the
availability of SDG indicators to quantify the ES
mapped in the study site.

MATERIALS AND METHODS
Nestos Delta lagoons study area. The ND lagoons is a complex of 7 non-connected, shallow,
polyhaline coastal lagoons located in North Aegean
Sea, at Nestos River Delta (Greece). Nestos River
was the main regulator of the lagoons until 1954.
Nowadays, the only source of freshwater to the
lagoons is rainfall and seasonal torrents [22]. The
ND lagoons are characterized by a variety of habitats and rich recorded biodiversity, due to which
they have been designated as Natura 2000 site
(codes GR1150001 and GR1150010) and as part of
Eastern Macedonia-Thrace National Park.
The lagoons that were investigated in the present study are Vassova, Erateino, Agiasma and
Keramoti lagoon, located in the Western bank of
Nestos Delta (Figure 1). They were selected because of their surface extent, economic activity
(fisheries and tourism) and because they act as
nutrient buffer zone between land and sea (Kavala
Gulf).

Field campaigns and data base. For the assessment/quantification of ES indicators, field samplings of both abiotic (nutrients, disolved silica/DSi, total suspended solids/TSS) and biotic
(Chlorophyll a/Chl-a) parameters took place.
Water samplings took place annually (20182020). Samples storage methodology followed
Standard Methods [27]. Chl-a and TSS were measured according to APHA protocols [27], inorganic
nitrogen (N-NO3, N-NO2, N-NH4), phosphorus (PPO4), and DSi following analytical protocols according to Parsons et al. [28]. Concerning the Water
Quality Status, the classification proposed by Barinova [29], suggesting 6 quality status classes (Ivery pure to VI-very polluted) was adopted.
The field data were enriched with available
datasets/timeseries from stakeholders. Data on fish
catches of the period 2011-2020 were acquired
from the “Agricultural Fishing Cooperative of
Keramoti, Kavala” to quantify provisioning ES.
The number of visitors of the Information Center of
ND for the period 2012-2019 and of endangered
species were provided by Delta Nestos, Lakes Vistonida - Ismarida and Thassos Island Management
Body, were used to quantify cultural services.

Selection of indicators. The ES classification
proposed by CICES V5.1 [12] was adopted in the
present study and ES from all the categories (provisioning, regulation/ maintenance and cultural) was
assessed.
The indicator framework of ES proposed by
Crucz et al. [23] was followed, taking into account
the expert judgement and the availability of the data
on the study site. The list of suggested indicators by
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as the fitting indicators to quantify the cultural ES
(recreation/tourism
and
natural
diversity
respectively), considering that these can assess the
characteristics that offer added value to the area by
promoting intellectual well-being.
For ND lagoons the direct connection of the
provided ES to the SDGs and the coupling of the
indicators that can be monitored were examined.
The sustainability indicators picked agree with the
ES indicators since most of the ES provided by the
system are connected to one or more SDGs, both
responding to structural and functional changes of
the system, thus pointing the importance of the
preservation and/or improvement of ES to achieve
SDG (Table 1). Since coastal lagoons are subject to
regular WFD monitoring as transitional water
bodies we applied SDG indicators relevant to water
quality indicators to draw conclusions for
improvement of their Water Quality Status (WQS).

RESULTS AND DISCUSSION
List of indicators. As a first step of our study,
we focused on describing the ES of ND lagoons
based on the recognised ecological importance of
the study site and the anthropogenic activities that
are developed and consequently we selected the
proper indicators to assess these ES, which are
presented in Table 1.
As far as provisioning ES is concerned, the
biomass yield of fisheries comprises the only
material output (goods) derived from ND lagoons.
Therefore, this indicator was chosen as the most
suitable to express the economic aspect of the ES.
Nutrients’ concentration is important on water
ecosystems, since it highlights the regulation of
biogeochemical cycles, being at the same time the
ES indicator which expresses the regulation and
maintenance ES of the system. Visitors ratio along
biodiversity recorded at ND lagoons were selected

Category

Provisioning
(Biotic)

Regulation
& Maintenance (Biotic)

Cultural
(Biotic)
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TABLE 1
ES described in the study area and applied indicators
ES Indicator
SDGs tarDivision
Group
Code
applied
gets
(CICES
V5.1)
1.1.6.1
Fish yield
SDG2 “Zero
Biomass
Wild animals
(Kg Year -1)
Hunger”
(terrestrial
(2.3)
and
or (€ Year -1)
SDG14
aquatic) for
“Life Below
nutrition,
Water”
materials
(14.2, 14.4,
or energy
14.b)
SDG15
“Life On
Land” (15.a)
2.2.5.2
Nutrients
Physical and
Regulation of
SDG2 “Zero
concentration, Hunger” (2.1
experiential
physical,
algal biomass
interactions
chemical,
& 2.3)
(μg ml -1) or
with
biological
SDG15
natural enviconditions
“Life On
(mg ml -1)
ronment
Land” (15.5
& 15.9)
3.1.1.2
Visitors
Intellectual
Direct, in-situ
SDG14
(n Year -1)
and repreand outdoor
“Life Below
sentative
interactions
Water”
interactions
with living
SDG15
with natural
systems that
“Life On
environment
depend on
Land”
presence in
the environmental setting
3.1.2.1
Species diSDG14
Other biotic
versity (n)
“Life Below
characteristics
Water”
that have a
(14.2, 14.4)
non-use value
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Sustainability
Indicators
Chosen
Fish catches
(€ Year -1)

Nutrients
concentration
(μg ml -1) or
(mg ml -1)

Not applied

Species diversity (n)
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important site for breeding, passage and wintering
bird species due to its rich-habitat types. Moreover,
they act as a nursery site for several commercially
used fish species. This explains the high recorded
biodiversity mainly of point of ichthyology and
ornithology. However, its importance has declined
due to the lack of protection, mainly in land areas.
Visitors of ND lagoons is an indicator for
intellectual interaction of the community with the
environment (Cultural ES). The data (Figure 3)
denote that there is variation in the number of visits
on Nestos Delta Information Center. Despite that in
2016 the visitors overdoubled (increase of 140%) in
comparison to 2015, at the end of 2019 the visitors
returned at the size class of 2012.
This is the first study on ES of ND
lagoons,therefore we reached to several important
conclusions. To begin with,continuous monitoring
of ES by keep-tracking of appropriate indicators
would create valuable timeseries, which is crucial
for the conservation and management of these
ecosystems of high natural and economic
importance. Moreover, this monitoring is essential
to be linked to the National Monitoring Water
Network.

Quantification of ES and Sustainability
indicators. The financial turnover of extensive
aquaculture of ND lagoons is an important
indicator, since the fish yield is able to express both
ES and sustainability simultaneously. The data
aquired from the Fishing Cooperative indicate that
in the decade 2011-2020, the economic profit of the
system has raised 10% in total, despite the fact that
in 2013 the decline of fish yield was 35%.
However, each lagoon had different pattern through
this decade. Agiasma and Erateino lagoons had a
raise of 23.7% and 19.5%, while Keramoti and
Vassova had a decline of 13.1% and 27%
respecively (Figure 2).
Regarding the regulating ES, data analysis of
the sampling results (Figure 2) indicate that there is
variation to the concentration of nutrients through
the years, which is probably causing changes in
their WQS. The results of Keramoti lagoon show
that the concentration on eutrophication parameters
has raised, deteriorating its WQS.
As for cultural ES biodiversity, in total 249
endangered species of fish, crab, bird, mammal,
reptile and amphibian have been recorded to inhabit
in and around the lagoons. According to Natura
2000 Standard Data Forms, ND lagoons are an

FIGURE 2
Quantification of common ES and Sustainability indicators
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indicate the importance of the wetlands for the
development of human societies [35]. Generally
there have been proposed several economical
systems for the evaluation of ecosystem services
[36], which need to be validated in regional/local
scale [37].
The fact that all categories of ES can be
described in the study site, implies that the system
carries out multiple functions. Τhe multiplicity of
services ecosystems provided should be
acknowledged as an advantage [38]. Monitoring
proper ES indicators would end up to management
plans and governance of the study site that would
improve the ES provided by the system, as well as
the achievement of SDG targets. Various studies
have demonstrated that it is essensial to combine
monitoring, conservation, production and locality to
develop a wide-orientated management plan [38,
39]. The ES indicators selected in this study (Table
1) can be used for future monitoring of ES on the
ND lagoons, that would be valuable for use by the
authorities for better area management/governance.
However, it is crucial to clarify the importance
sequence of the provided ES, as it is feasible for
managers to select an economic approach that
benefits economic profit, by downgrading
environmental status and thus fail to achieve
sustainability goals [31].

FIGURE 3
Quantification of Cultural ES – visitors of ND
Information Center
Concerning the regulation/maintenance ES,
diffuse pollution mainly exerted by agriculture
directly affects the water quality which respectively
affects biodiversity [30]. Comparing a three-yearperiod nutrients concentration to fish yield in our
study site, the results do not indicate close
connection of nutrients to the economic profit from
fisheries. Though this should be investigated further
when timeseries will be created given that due to
lack of long timeseries on eutrophication, it is
difficult to link fish yield to nutrients regulation,
since eutrophication is a slow process [31].
Furthermore, the relation of the cultural ES to the
eutrophication parameters of the lagoons is difficult
to be investigated. The lack of continuous
monitoring of biodiversity doesn’t create concrete
data timeseries that could be associated with
nutrients regulation indicators.
Considering that multiple targets from
different SDGs are closely connected with
ecosystem services, they can be achieved provided
that ecosystem services approach is integrated with
SDGs [15]. Despite the fact common indicators of
ES and SDG can be identified for many ES [32],
there are still others that need to be developed. In
our study, we came across the ascertainment that
regardless experts combine Recreation and Tourism
(Cultural ES) to the achievement of several SDGs
[15], there is a lack of SDG indicators to assess
tourism. The adoption of visitors’ number (ES
indicator) for Recreation and Tourism to SDG
achievement could be an asset for future
researchers. It is condensily proved that the lagoons
contributes to the local economy in multiple ways,
which agrees with the observations of several
researchers in diverse water bodies [33, 34].
Fisheries, tourism and agriculture are the main
economic activities developed in the area of Nestos
Delta, which affect directly or indirectly the ES
provided. The factors with important role on visitor’s number, are promotional activities from local
stakeholders, such as the Management Bodies of
Protected Areas [31, 34].
The assessment of economic values of ES is
important since it has various roles, such as to

CONCLUSION
The assessment of ES in coastal lagoons is
essential due to the complexity of the systems that
has led to limited research on this sector. The
findings of this work indicate that ND lagoons
complex is a variable and valuable system that
provides numerous ES, that fall within all the
categories of ES. The ES indicators were selected
based both on the ecological importance of the
study site and economic profit from the developed
anthropogenic activities. The quantification of ES
highlighted the problem of availability of concrete
data and timeseries, which makes the recognition of
relations between various ES a rather difficult task.
One of the major outcomes of this study is the
creation of a matrix combining the ES indicators
applied with SDG indicators, demonstating that it is
feasible to monitor at the same time ES and
sustainability. Moreover, our study contribute as
additional evidence that SDGs can be accomplished
if ES of ND lagoons are improved, since the
assessment indicators are common. Furthermore,
the results of our study point out that correlating ES
categories is crucial in order to achieve an
integrated management plan, which will fulfill both
the sustainability targets and the improvement of
ES.
The quantified regulating ES indicators ensure
that the system functions properly. In addition, the
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[15] Wood, S.L.R., Jones, S.K., Johnson, J.A.,
Brauman, K.A., Chaplin-Kramer, R., Fremier,
A., Girvetz, E., Gordon, L.J., Kappel, C.V.,
Mandle, L., Mulligan, M., O'Farrell, P., Smith,
W.K., Willemen, L., Zhang, W., DeClerck, F.A.
(2018) Distilling the role of ecosystem services
in the Sustainable Development Goals.
Ecosystem Services. 29, 70-82.
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world: the 2030 Agenda for Sustainable Development A/RES/70/1. United Nations, New
York, USA.
[17] Schröter, Μ., Stumpf, Κ., Loos, J., van
Oudenhoven, A., Böhnke-Henrichs, A., Abson,
D.J. (2017) Refocusing ecosystem services
towards sustainability. Ecosystem Services. 25,
35-43.
[18] Duck, R.W., da Silva, J.F. (2012) Coastal
lagoons and their evolution: A hydromorphological perspective. Estuar. Coast Shelf Sci. 110,
2-14.
[19] Dolbeth, M., Stalnacke, P., Alves, F.L., Sousa,
L.P., Gooch, G.D., Khokhlov, V., Tuchkovenko,
Y., Lloret, J., Bielecka, M., Różyński, G.,
Soares, J.A., Baggett, S., Margonski, P.,
Chubarenko, B.V. & Lillebø, A.I. (2016) An
integrated Pan-European perspective on coastal
Lagoons management through a mosaicDPSIR approach. Scientific Reports. 6.

economic value of the ecosystem, expressed as
improvement of the community’s income, is
ameliorated regarding the fisheries, but it needs to
be improved for the tourism.
The contribution of the present study to the
less advanced research area of ES in transitional
water bodies and especially in greek coastal
lagoons can be described as of high importance
both for local and national level. Considering that
this is the first approach for ES and sustainability
indicators assessment at the study site further
research needs to be addressed.
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objects. The latter has raised ethical issues, leading
to the publication of several proposed guidelines,
with the most common of them the guiding principles of 3Rs (Replacement, Reduction and Refinement) [1]. The aforementioned restrictions forced
regulatory authorities to deploy alternative computational methods, the implementation of which is fast,
less expensive and animal-free and could be powerful at identifying and evaluating chemical hazards.
One such approach is Quantitative Structure-Activity Relationships (QSARs) that have been widely
used as methodology for assisting governments and
industry to manage risks posed by chemicals.
QSARs are regression or classification models, included in “in silico” approaches that form a relationship between the biological effects or the physicochemical properties or the chemical re-activities and
the chemical structure of a chemical compound [2].
Up until now, not much research has been done in
QSAR development for the estimation of elimi-nation half-life, one of the key toxicokinetic properties
for environmental compounds, while there are several studies that predict elimination half-life for both
pharmaceuticals and environmental contaminants
[3-5]. The aim of this study was to develop a unified
QSAR model according to the Organization for Economic Co-operation and Development (OECD)
Principles for the regulatory acceptance of QSARs
[6] that could be used to predict the elimination halflife for environmental compounds within the applicability domain. This will allow as to provide information about the toxicokinetics behavior of xenobiotics under various exposure regimes and to facilitate the link between external and internal exposome.

ABSTRACT
Quantitative Structure Activity Relationship
(QSAR) analysis was implemented for the
prediction of elimination half-life for environmental
chemicals. The experimental values of elimination
half-life and two sets of molecular descriptors, the
Linear Free Energy Relationship (LFER) and the
PaDEL descriptors, were collected for 199
environmental chemicals and used as input data for
the development of QSAR models. The initial
datasets were split to the training and the prediction
set. Principal Component Analysis (PCA) was
implemented for the distribution of chemical
compounds, while a genetic algorithm was then used
for the selection of the optimal set of descriptors. The
datasets were analyzed using Multiple Linear
Regression (MLR) and Artificial Neural Networks
(ANN). The fitting performance (R2) of the best
models, using LFER and PaDEL descriptors, was
0.80 and 0.87, respectively. The Applicability
Domain (AD) of the developed models was
determined indicating that there were no outliers and
verifying their reliability. The developed QSARs
were then applied to several compounds with
unknown values of elimination half-life. In
conclusion, the proposed models were successfully
evaluated for their fitting capacity, their validity and
applicability and were found to be capable of
predicting the elimination half-life of “data poor”
chemical compounds within their applicability
domain.
KEYWORDS:
QSARs, elimination half-life, Multiple Linear Regression,
Artificial Neural Networks, Linear Free Energy Relationship, PaDEL descriptors

MATERIALS AND METHODS
Overall Approach. The input data for the development of QSAR models included the experimental values of elimination half-life and the computed values of molecular descriptors for 199 environmental chemicals. The individual sets of inputs
included the descriptors of the Linear Free Energy

INTRODUCTION
The field of risk assessment has been introduced, which uses techniques that require extensive
amount of time, cost and the use of animals as testing
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used for the model development in QSARINS software. Several models were developed and ordered
according to their fitting performance.

Relationship (LFER) and the PaDEL descriptors.
The two datasets with the experimental values of
elimination half-life and the computed descriptors
were randomly divided into training, validation and
test set and were analyzed using the modeling methods of Genetic Algorithm based Multiple Linear Regression (GA-MLR) and ANN. The applicability domain (AD) was assessed for the models with the best
statistical performance in order to define the structural and physicochemical space, in which the models’ predictions could be considered reliable. In conclusion, the developed models were applied to a
large number of chemicals with missing values of
elimination half-life.
The input data for the development of the models included a) the values of total elimination halflife and b) the values of molecular descriptors for
199 environmental chemicals. The experimental values of elimination half-life were collected from literature [3]. Two individual sets of molecular descriptors were used as inputs: those of the Linear
Free Energy Relationship (LFER) and the PaDEL
set. The first set of descriptors included molar refractivity (E), solubility (S), acidity (A), basicity (B) and
McGowan volume (V), which describe the LFER
equation proposed by Abraham [7]. The second dataset consisted of 1444 1D and 2D descriptors,
known as PaDEL descriptors. These descriptors are
related to the molecular structure of the chemicals
and are characterized as constitutional, topological,
geometrical or electronic [8]. The values of LFER
descriptors were obtained from literature [9-12], and
from the online database “Open Notebook Science”
[13]. PaDEL descriptors were derived from the molecular structure of the chemicals. The chemical
structures were drawn using the ACD/ChemSketch
[14] and were transferred (.mol files) into the
PaDEL-Descriptor software [8] for the calculation of
PaDEL descriptors.

Artificial Neural Networks. The relationship
between the two datasets of descriptors and elimination half-life was mapped by a neural network. A
two-layer feed-forward network with sigmoid hidden neurons and linear output neurons was developed for data fitting. The network was trained with
several algorithms including Levenberg-Marquardt
(LM), Scaled Conjugate Gradient (SCG) and BFGS
Quasi-Newton (BFG), while Mean Squared Error
(MSE) was used as the performance function. Several performance criteria were compared to evaluate
the predictivity and stability of the models, such as
Qcv2 for internal validation, Qext2 for external validation and MSE for the training, validation and test set.
The selection of the optimal number of neurons in
the hidden layer plays a fundamental role in designing an ANN topology and it is implemented using
several techniques [15-19]. In this study, different
ANNs with different number of hidden neurons were
constructed to determine the optimal number of hidden neurons. MSE on the test set was used as the
evaluation criterion of each ANN. The minimum
number of neurons that produced the network with
the lowest value of MSE was selected for the network structure [20].

RESULTS AND DISCUSSION
Predictions using Multiple Linear Regression Analysis. Two linear models were derived using GA-MLR technique; a) the model using LFER
descriptors and b) the model using PaDEL descriptors as input. The regression coefficients, standard errors and p-values of the model with LFER descriptors are shown in Fehler! Verweisquelle
konnte nicht gefunden werden..

Genetic Algorithm based Multiple Linear
Regression. The modeling method of GA-MLR,
combined with Ordinary Least Squares (OLS), was

TABLE 1
Results of the developed linear model using LFER descriptors and MLR analysis.
Variable
Coefficient Standard coefficient Standard error Confidence Interval (95%) p-value
Intercept
S
B
V

-0.94
1.57
-1.36
1.08

0.37
0.37
0.39
0.32

0.39
-0.19
0.31

0.73
0.73
0.77
0.64

0.0118
<0.001
<0.001
0.0011

TABLE 2
Results of the developed linear model using PaDEL descriptors and MLR analysis.
Variable
Coefficient Standard coefficient Standard error Confidence Interval (95%) p-value
Intercept
SpMin1_Bhv
SpMax5_Bhp
Sp
CrippenLogP
ECCEN
ETA_EtaP_B

-5.47
3.64
-1.02
-0.11
0.74
0.01
23.26

1.40
0.85
0.32
0.05
0.07
0.00
6.07

0.31
-0.32
-0.34
0.93
0.24
0.21

8373

2.77
1.67
0.63
0.09
0.13
0.00
12.00

<0.001
<0.001
0.0018
0.0162
<0.001
0.0079
<0.001
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log t1/2, elim

LFER:

log t1/2, elim
PaDEL:

0.94  1.57  S  1.36  B  1.08  V

0.74  CrippenLogP  0.01 ECCEN  23.26  ETA _ EtaP _ B

Descriptors

4 LFER

PaDEL

(2)

dataset of LFER descriptors, derived from GA-MLR
analysis, using Levenberg-Marquardt (LM), Scaled
Conjugate Gradient (SCG) and Quasi-Newton
(BFG) backpropagation algorithms. The same
analysis was followed for 4 LFER descriptors in
order to establish if there is any significant difference
in the results. Hidden neurons optimization was
implemented for the estimation of the most suitable
ANN structure. The optimization procedure showed
that MSE values of test set for most of the models
followed a bowl-shaped pattern. The number of
neurons with the smallest value of test MSE was
selected as it corresponded to a network with the best
generalization performance.
Figure 2 presents the predicted values of
elimination half-life using the LM based ANN
models for LFER and PaDEL descriptors versus the
observed ones. As it is demonstrated in Figure 3Figure 5, the coefficient of determination was found
to have high values for PaDEL descriptors analyzed
with all ANN algorithms, ranged from 0.81 to 0.87.
Regarding LFER descriptors, the correlation
between experimental and predicted logarithmic
values of elimination half-life was moderate to good,
as the coefficient of determination was between 0.70
and 0.80.
Comparison of the Modeling Methods of
MLR and ANN. Fehler! Verweisquelle konnte
nicht gefunden werden. presents the statistical
values for the fitting and validation performance of
the developed models. These include the coefficients
of determination, as well as the MSE for the training,
validation and test set of the models.

Predictions using Artificial Neural Networks
Analysis. ANN analysis was implemented for the

3 LFER

(1)

5.47  3.64  SpMin1_Bhv 1.02  SpMax5 _Bhp 0.11 Sp

After the implementation of GA method for
feature selection, the linear model with the best performance was achieved using six PaDEL descriptors, while its statistical values are shown in Table 2.
The multiple regression models, obtained from
LFER and PaDEL descriptors’ analysis, are
described by the following relationships according
to the coefficients in Table 1 and Table 3.
According to Eq. 1, an increase in polarizability
(S) and McGowan volume (V) resulted in an
increase of the logarithmic values of elimination
half-life. On the contrary, an increase in basicity (B)
resulted in a decrease in the values of elimination
half-life. In Eq. 2, it is indicated that the response
was directly proportional to all the descriptors,
except from the largest absolute eigenvalue of
Burden modified matrix and the sum of
polarizabilities.
Standardized regression coefficients are a
measure of variable importance. Regarding the
absolute values of standardized coefficients, it is
showcased that the descriptors that correspond to
lipophilicity (V, CrippenLogP) and polarizability (S,
Sp) of chemical compounds were the most important
variables for the models. The estimated low P-values
indicate that all descriptors were statistically
significant and should have been included in models’
analysis.
A comparison of the observed values of
elimination half-life and the predicted ones from the
derived linear models is presented in Figure 1.

1
2
3
4
5
6
7
8
9
10
11
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TABLE 3
Statistical values of the developed models
Method
R2
Rtr2
Qcv2
Rext2
MLR
0.28
0.54
0.47
0.38
LM-ANN
0.77
0.81
0.64
0.63
SCG-ANN
0.72
0.69
0.81
0.73
BFG-ANN
0.70
0.68
0.76
0.71
LM-ANN
0.80
0.82
0.81
0.71
SCG-ANN
0.70
0.70
0.70
0.69
BFG-ANN
0.74
0.73
0.76
0.76
MLR
0.70
0.79
0.65
0.74
LM-ANN
0.87
0.87
0.81
0.91
SCG-ANN
0.81
0.83
0.78
0.78
BFG-ANN
0.82
0.82
0.83
0.84
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MSEtr
0.21
0.09
0.15
0.14
0.08
0.15
0.16
0.09
0.07
0.08
0.08

MSEval
0.23
0.24
0.10
0.08
0.07
0.16
0.13
0.22
0.09
0.08
0.08

MSEtest
0.31
0.24
0.11
0.12
0.07
0.16
0.12
0.12
0.05
0.07
0.08
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FIGURE 1
Predicted versus observed values of elimination half-life using MLR

FIGURE 2
Predicted versus observed values of elimination half-life using LM based ANN
interactions that exist in physicochemical and
biochemical procedures. Furthermore, LM algorithm outperformed SCG and BFG ones, giving the
most accurate predictions. Many factors influence
the algorithms efficiency, including the number of
observations in the training set, the number of
weights in the network and the complexity of the
problem. However, it has been proved that
Levenberg-Marquardt algorithm generally performs
better on function fitting/ regression problems.
Finally, the selected models presented high predictive power as indicated by calculating the Qext2
values (higher than 0.80 for both models) in
independent test datasets.
Regarding LFER and PaDEL descriptors, it
was proved that the second ones gave by far the best
performance. It is already more than half a century
when Hammett [22] stated that “like substances react
similarly and that similar changes in structure

DISCUSSION
The developed models were evaluated
regarding goodness of fit, robustness and
predictivity using the coefficient of determination
and the MSE of training, validation and test sets of
the analysis. All the developed models satisfied the
performance criteria with estimated values of R2
higher than 0.60 [21], except from the one obtained
coupling 3 LFER descriptors and MLR analysis.
Comparing MLR and ANN analysis, it is found that
ANN resulted in by far better performance for both
training, validation and test set of all the developed
models. This is mainly due to the fact that ANN is a
computational method that works as a “black box”,
relating input parameters to responses via weighted
connections and neurons. This approach has the
advantage that non-linear, flexible relationships
arise, which can potentially capture the complex
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produce similar changes in reactivity”. This
formulation underlies the LFER equation. However,
recent research has shown that additional descriptors
are needed for QSAR analysis regarding chemical
compounds with diverse structure, which can also
model the physicochemical interactions present in
the examined molecules. For this reason, PaDEL set
offers a variety of descriptors that can give a detailed
characterization of the chemical structure.
Especially topological parameters contain important
information that give insight into the molecular
topology.

Fresenius Environmental Bulletin

REFERENCES
[1]
[2]

[3]

[4]
CONCLUSION
In this study, a comprehensive methodological
approach is presented for QSAR modeling of
elimination half-life in humans for environmental
chemical compounds. The developed QSAR models
were validated for their internal and external
predictive power as well as for their robustness and
reliability. The QSAR models, which were obtained
using LFER and PaDEL descriptors coupled with
LM based ANN approach, were found to have strong
fitting and predictive performance. This is the result
of combining the optimal descriptors with ANN
analysis, which provide the suitable complex
mathematical framework for capturing the
phenomena of elimination process. Furthermore, the
AD of these models was assessed and then they were
applied to predict the elimination half-life of 101
environmental chemical compounds. Therefore, the
developed predictive models could serve as a tool to
fill in data gaps regarding elimination half-life of
environmental chemicals, which fall within their
AD. In this way, the animal testing and experiments
could be reduced and the wide use of PBTK models
could be reinforced. Finally, the “safe by design”
concept for environmental chemicals could be
supported, by allowing the successful prediction of
toxicokinetic behavior based on molecular
parameters.

[5]

[6]

[7]

[8]

[9]

[10]

ACKNOWLEDGEMENTS
[11]
The authors gratefully acknowledge the
financial support of the European Commission under
grant HEALS, which was funded from the 7th RTD
Framework Programme of the European Union
(Grant agreement no: 603946). In addition, this work
was supported by the Operation Programme (ESPA)
in Human Resources Development, Education and
Learning Co-funded by Greece and the European
Union, number of scholarship: 99037. Furthermore,
we are grateful to Prof. Gramatica for her crucial
contribution to improving our work by providing us
the free license of QSARINS software.

[12]

[13]

8376

Russell WMS, Burch RL (1959) The principles
of humane experimental technique: Methuen.
Puzyn T, Leszczynski J, Cronin MTD (2010)
Recent Advances in QSAR Studies; Jerzy L,
editor. New York: Springer Science+Business
Media.
Arnot JA, Brown TN, Wania F (2014) Estimating screening-level organic chemical halflives in humans. Environ Sci Technol 48: 723730.
Papa E, Sangion A, Arnot JA, Gramatica P
(2018) Development of human biotransformation QSARs and application for PBT
assessment refinement. Food and Chemical
Toxicology 112: 535-543.
Papa E, van der Wal L, Arnot JA, Gramatica P
(2014) Metabolic biotransformation half-lives
in fish: QSAR modeling and consensus
analysis. Science of the Total Environment
470-471: 1040-1046.
OECD (2014) Guidance Document on the
Validation of (Quantitative) Structure-Activity
Relationship [(Q)SAR] Models.: OECD
Publishing.
Abraham MH (1993) Application of solvation
equations to chemical and biochemical
processes. Pure and Applied Chemistry 65:
2503-2512.
Yap CW (2011) PaDEL-descriptor: An open
source software to calculate molecular
descriptors and fingerprints. Journal of
Computational Chemistry 32: 1466-1474.
Abraham MH, Chadha HS, Whiting GS,
Mitchell RC (1994) Hydrogen bonding. 32. An
analysis of water-octanol and water-alkane
partitioning and the Δlog P parameter of seiler.
Journal of Pharmaceutical Sciences 83: 10851100.
Abraham MH, Martins F, Mitchell RC, Salter
CJ (1999) Hydrogen bonding. 47. Characterization of the ethylene glycol-heptane
partition system: Hydrogen bond acidity and
basicity of peptides. Journal of Pharmaceutical
Sciences 88: 241-247.
Sprunger LM, Gibbs J, Acree Jr WE, Abraham
MH (2008) Correlation of human and animal
air-to-blood partition coefficients with a single
linear free energy relationship model. QSAR
and Combinatorial Science 27: 1130-1139.
Abraham MH, Chadha HS, Mitchell RC
(1994) Hydrogen bonding. 33. Factors that
influence the distribution of solutes between
blood and brain. Journal of Pharmaceutical
Sciences 83: 1257-1268.
Open Notebook Science (2016) Abraham
Descriptor Prediction from SMILES.

© by PSP

Volume 31– No. 08A/2022 pages 8372-8377

[14] Advanced Chemistry Development Inc. (2012)
ACD/ChemSketch (Freeware). Toronto, On,
Canada.
[15] Man-Chung C, Chi-Cheong W, Chi-Chung L
(2000) Financial time series forecasting by
neural network using conjugate gradient
learning algorithm and multiple linear
regression weight initialization. Computing in
Economics and Finance, Society for
Computational Economics 61.
[16] Azoff EM (1994) Neural Network Time Series
Forecasting of Financial Markets: John Wiley
& Sons, Inc. 196 p.
[17] Heaton J (2008) Introduction to Neural
Networks with Java: Heaton Research.
[18] Freisleben B (1992) Stock market prediction
with backpropagation networks. Proceeding of
the 5th International Conference Industrial and
Engineering Applications of Artificial
Intelligence and Expert System.
[19] Gençay R (1999) Linear, non-linear and
essential foreign exchange rate prediction with
simple technical trading rules. Journal of
International Economics 47: 91-107.
[20] Sheela KG, Deepa SN (2013) Review on
Methods to Fix Number of Hidden Neurons in
Neural Networks. Mathematical Problems in
Engineering 2013: 11.
[21] Veerasamy R, Rajak H, Jain A, Sivadasan S,
Varghese C, et al. (2011) Validation of QSAR
Models - Strategies and Importance.
International Journal of Drug Design and
Discovery 3.
[22] Hammett LP (1938) Linear free energy
relationships in rate and equilibrium phenomena. Transactions of the Faraday Society 34:
156-165.

Fresenius Environmental Bulletin

Received:
Accepted:

20.07.2022
14.08.2022

CORRESPONDING AUTHOR:
Dimosthenis Sarigiannis
Environmental Engineering Laboratory
Department of Chemical Engineering
Aristotle University of Thessaloniki
University Campus, Bldg. D, Rm 201
54124 Thessaloniki, Greece
E-mail: sarigiannis@auth.gr

8377

SESSION 5
INDOOR AND OUTDOOR AIR POLLUTION


8378

© by PSP

Volume 31– No. 08A/2022 pages 8379-8384

Fresenius Environmental Bulletin
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In a hospital, the ventilation system assumes
great importance but the air from outside suffers the
influence of air pollution sources such as traffic and
anthropogenic activities. The Operating Room is an
internal hospital environment in which there may be
risks, both for healthcare-workers and for patients
[8]. One of the risk sources is the quality of indoor
air. Generally, gases and anesthetic vapors represent
a topical issue of air pollution in ORs . In this paper,
we instead consider pollutants that come from the
outside and how the behavior of the staff can
influence their levels and their correlation pattern. In
particular we, take into account particulate and
microbial charge [9-13].
Our goal is the study of the behaviour of the
pollutants coming from outside ORs aimed to define
procedures for reducing their concentrations. In this
preliminary study, we apply a multivariate. This
approach allows us to study both the temporal
variations in the correlation pattern of environmental
pollutants and how the different types of operating
rooms influence the presence of pollutants.

ABSTRACT
In this study, data concerning air quality in
Operating Rooms (ORs), collected under different
conditions, were analyzed. In 18 ORs of general
surgery, concentrations of particles with
aerodynamic diameter higher than 5μm and 10μm,
microbial charge, air change numbers and
differential pressure were measured. To quantify the
influence of the surgical environment on the Surgical
Site Infections (SSIs) so to minimize the risk in
hospitalized patients the data were collected under
different conditions. The correlation pattern
analysis, based on factorial multivariate techniques,
put in evidence the indoor environmental conditions
in which parameters characterizing air quality show
a strong correlation. Moreover, this analysis allowed
to define which staff behaviors introduced the
greatest variations in the correlation pattern.
Moreover, a clustering procedure allows defining
different typologies of ORs, based on their
characteristics. The multivariate approach allows to
identify the role of each air quality parameter in the
correlation structure of the data and to evaluate how
their role plays when the condition of the surgical
environment changes.

MATERIALS AND METHODS
Data. In 18 Operating Rooms (ORs) of general
surgery (with approximately 30 m2 of floor space
and 100 m3 of volume), concentrations of particles
with aerodynamic diameter higher than 5μm and
10μm (P5 and P10 respectively, expressed as
number of particles N/m3), microbial charge (MC in
CFU/m3, where CFU is for Colony-Forming Unit),
air changes numbers (Ae in V/h) and differential
pressure (P in Pa where differential pressure is an
overpressure created in relation to the outdoor areas)
were measured. The data were collected in five
different conditions for quantifying the influence of
the surgical environment on the Surgical Site
Infections (SSIs) and, consequently, for minimizing
the risk in hospitalized patients: Condition A - OR
empty, without operators, closed door; Condition B
- same conditions as previous case, 30 min after
opening door; Condition C - at presence of operators

KEYWORDS:
Indoor air quality, Surgical Site Infections, PCA, clusters

INTRODUCTION
The problem of indoor pollution has assumed
considerable importance both in terms of the impact
of the air quality itself on the human health, and for
the implications on the technical design of the
buildings. Of great interest is the analysis of indoor
air quality in healthcare facilities, like hospital and
residential structures. There is a possible link with
pathologies affecting patients and in healthcare
workers in hospitals [1-7].
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wearing surgical mask, 30 min from their entry,
closed door; Condition D - at presence of the
operators, 30 min after they removing the mask,
closed door), Condition E in the corridor out of the
OR [5-11].

Data analysis. All data were organized in five
data matrices, one for each different condition, to put
in evidence, the underlying correlation structure
among measured parameters.
A paired t-test was applied to compare the
differences observed in the values of pollutant
concentrations in the different conditions of ORs.

TABLE 1
Explorative statistics. Legend: m = mean, SD = standard deviation, md = median, CV% = variation
coefficient
m

SD

md

CV%

P (Pa)

6

7

1.5

127

Ae (V/h)

28

9

33

34

P5 (N/m3)

805

1362

417

169

P10 (N/m3)

90

73

65

82

MC (CFU/m3)

10

13

5

138

P5 (N/m3)

4335

5613

1934

130

P10 (N/m3)

865

880

373

102

MC (CFU/m3)

21

26

12

126

P5 (N/m3)

5457

5486

3966

101

P10 (N/m3)

1454

1361

1154

94

MC (CFU/m3)

27

18

31

65

P5 (N/m3)

9624

12858

5296

134

2606

3016

1475

116

MC (CFU/m )

27

17

27

63

P5 (N/m3)

15948

13575

10758

85

4246

3373

2794

79

35

33

24

95

OR indoor

OR indoor
Condition A

OR indoor
Condition B

OR indoor
Condition C

OR indoor
Condition D

P10 (N/m3)
3

OR outdoor
Condition E

P10 (N/m3)
3

MC (CFU/m )

TABLE2
Paired t-test results. Legend: texp = experimental value of t-variable, t* = threshold value of t-variable; H0
null hypothesis = observed differences are not significant; H 1 alternative hypothesis = observed
differences are significant
Pollutant
N
texp
t*
Outdoor - Condition B
P5
9
2,47
2,31
H1 accepted

Condition B - Condition C

Condition C - Condition D

P10

10

2,90

2,26

H1 accepted

MC

9

2,71

2,31

H1 accepted

P5

9

1,14

2,31

H0 accepted

P10

10

1,71

2,26

H0 accepted

MC

9

2,21

2,31

H0 accepted

P5

9

0,64

2,31

H0 accepted

P10

9

2,36

2,31

H1 accepted

MC

10

1,07

2,26

H0 accepted
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TABLE 3
PCA results for Condition B (right) and for Condition D (left). For the first three factors (F1, F2 and F3)
are reported the percentage of explained variance and the descriptor loadings with percentage weight.
F1
F2
F3
F1
F2
F3
Condition D
Condition B
(45.6%)
(25.3%)
(20.3%)
(47.3%)
(24.5%)
(19.4%)
P

0,006

0,474

0,474
48%

P

0,019

0,197

0,742
73%

Ae

0,007

0,704
57%

0,211

Ae

0,058

0,782
62%

0,028

0,005

0,020

P5

0,001

0,015

0,002

0,055

P10

0,000

0,052

0,038

0,213

MC

0,287
23%

0,179
18%

P5
P10
MC

0,928
39%
0,875
37%
0,550
23%

0,945
41%
0,897
39%
0,360
16%



statistically
significant
difference
between
conditions B, C and D suggesting the presence of a
different correlation structure in the different
conditionsWe applied PCA and CA in order to
deeply characterize differences between ORs
conditions, Here we present the results only of
conditions B and D because they are the ones that
present the greatest differences and can give the most
information about the behavior of the OR staff.
In Table 3, PCA results were shown. In the first
line, the percentage of explained variance for the
first three factors was listed. For all examined cases,
the first three eigenvalues are higher than 1 and the
cumulative percentage of explained variance is
higher than 80%. The first three factors take into
account, with statistical significance, the
underlaying correlation structure among all the
descriptors. In the second part of the Table 3, for
each descriptor and for each factor, the loading (with
the percentage weight) were shown. The biplot (I
and II factors) allows to better clarify the
relationships among descriptors (Figure 3).
Comparing the different cases, it is possible to
note that in Condition B the correlation pattern puts
in evidence a strong link among particles and
microbial charges. In Table 2, for Condition B the
detailed characterization of the first factor (F1)
shows that the three original descriptors can be
substituted with an only new variable taking into
account about 47% of data variance.The biplot in
Figure 2 is the graphical representation of when
discussed.
On the contrary in condition D, particles and
microbial charge are separated on two factors. In
Table 2, for Condition D, it is possible to note that
loading of P5 and P10 explain the 80% of the
variance associated to the first factor, while MC
characterize the second factors showing a stonger
relationships with Ae. In this case the biplot (Figure
3) clearly shows the distance among particle
concentrations and MC.

For each matrix, multivariate procedure based
on combined application of Principal Component
Analysis (PCA) and Cluster Analysis (CA) was
applied. The procedure [14-17] allows to
characterize the correlation structure in data matrices
of small dimensions and to put in evidence the
difference among correlation patters related different
conditions. In particular, results discussion was
based on: loadings of measured descriptors in the
first factors considering at least 75% of data
variance; biplots of descriptors and objects for the
first two factors; centroids of clusters.

RESULTS AND DISCUSSION
In Table 1 explorative statistical parameters
(mean, median, standard deviation and variation
coefficient) for each parameter and for each
condition were summarized. Measured parameters
may be divided in two supgroups: descritpors
characterising the physical condition of the OR (air
changes numbers (Ae) and differential pressure (P))
and descriptors characterizing the environmental
contidtions (P5 and P10 levels and microbial charge
MC).
The first group depends on the characteristics
of the OR, the second is linked to the behaviours of
the OR staffin the different conditions. In Figure 1
the mean values and standard deviations of particle
concentrations and microbial charge for each
condition were shown. Figure 1 shows a marked
difference between inside and outside of ORs
(codition A e condition E); on the contrary the values
observed in the B, C and D conditions, representing
different behaviuor of the personnel, show more
limited differences.
To analyze further differences between the
different situations analyzed we have carried out
paired t-test
Results showed in Table 2 confirm univariate
analysis and show, for P10, the presence of a
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These results suggest that the mask remotion in
the OR environment introduce a variation in the
correlation pattern.
Clustering procedure defines different
subgroups of OR that may be interpreted as different
OR typologies based on physical/environmental
characteristics. In Figure 4, dendrograms obtained
for Condition B and Condition D are shown.
For Condition B, few ORs are grouped in a cluster
and one OR represent an isolated element (S2), all
the others formed an homogenous subgroup. The
grouped ORs (S12, S8, S16, S11, S10 and S2) are
charachterized by high values of P5, P10 e
MCconcentrations. The isolated OR (S2) is
characterized by low numbers of Ae. For Condition
D, ORs are grouped in many small clusters (except
S2 that also in this case represents an isolated
element) charachterized by different centroids
indicating
different
levels
of
pollutant
concentrations. This result suggests to collect more
information regarding the different staff operative
procedure rather than the different ORs.

CONCLUSIONS
In this preliminary study, a multivariate statistical
procedure was applied to characterize the correlation
pattern among pollutants in Operating Rooms. In
different ORs, particles concentrations and microbial
charge were measured under different conditions, in
order to investigate as air quality indoor may be
influenced by external conditions and staff
behaviors. In small dimension matrices, the
multivariate approach allows to identify the role of
each parameter in the correlation structure and to
evaluate its modifications, changing the condition of
the surgical environment. For example a parameter
that seems to influence the air quality in the ORs
without staff is the Ae number. The OR that has the
lowest number of Ae is the one that does not fit into
any cluster
Further investigations are necessary for
reducing the indoor pollutants levels and minimizing
the risks for hospitalied patients.
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FIGURE 1
Trend of the airborne particles concentration (left) and microbial charge at different conditions (right).
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FIGURE 2
Biplot F1 vs F2 determined for condition B
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FIGURE 3
Biplot F1 vs F2 determined for condition D.
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Operating Rooms clusters determined for Condition B (a) and for Condition D (b)
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might be impaired by the content of gases generated
inside the room (as a result of combustion, building
material contaminants, equipment and furniture, cigarette smoke, etc.) and microbial contamination
from other sources [1]. BTEX is currently monitored
in many cities and industrial areas in EU. The indoor
air in houses, schools, kindergartens, offices and
other institutes could be from 2 to 5 times more polluted than air in the environment, in some cases up
to 100 times [2, 3]. Air pollution in rooms in developing countries has for a while been registered as a
major risk factor. According to some publications,
there are between 1.5 and 2 million associated deaths
in developed countries [1]. Indoor air quality is also
a major problem for developed countries. The
United States Environmental Protection Agency
(USEPA) has calculated that an average person gets
72% of their exposure to chemical harm in their
home, which means that many places we consider to
be safe are in fact places that are dangerously contaminated [5-7]. "Sick building syndrome" is a term
used to describe a situation where the occupants of a
building or a room have a severe effect on their
health or discomfort during the time, they spend indoors without being able to Specific diseases are
proven [2, 4, 7]. The course of human exposure to
pollutants generated depends mostly on the exposure
and use of materials and household articles, but it
also depends on the number of pollutants available
in the room, as well as on the specific sensitivity and
durability of the occupants [5]. It is natural to expect
that in children and pregnant women the sensitivity
is highest, but depending on a set of other factors,
occupants of other ages may also be very sensitive,
especially if they have any other illness or disability.
The interaction between two or more chemicals
causes a modification of the rate of metabolism of
each chemical due to the presence of the other chemicals that compete for the binding sites resulting in a
mutual inhibition of metabolism. The metabolic inhibition effect grows with the number of substances
constituting the mixture: when humans are exposed
to BTEX together, interaction effects are even
greater than in the ternary or the binary mixtures [3,
6]. The interaction effect due to concurrent exposure
to a chemical mixture can be better appreciated when
the exposure levels are higher with respect to typical
environmental exposures [1].

ABSTRACT
Exposure to indoor air pollutants is one of the
primary environmental health stressors, especially
given that people in developed economies tend to
spend approximately 80-90% of their time within enclosed living spaces. Concentrations of indoor air
pollutants are determined by the ability of outdoor
source pollutants to infiltrate indoors and emissions
from indoor sources such as building materials, and
furniture. The variability of species and the levels of
contamination within and between different indoor
microenvironments can be very wide and this poses
real problems for modelling and exposure estimation. Personal exposure levels are likely to vary even
more widely given differences between and within
individuals in behaviour and activities.
The aim of this study is to assess the negative
impact on human health of various chemical contaminants in schools and kindergartens in Southeast Bulgaria. The studies in this paper cover the most vulnerable groups of residents between 5 years and 15
years old. The evaluation is based on a web based
INTERA computational platform (http://www.intera.cperi.certh.gr). The data shows that the impact
on boys is most pronounced for the inhabitants of the
site in the village Karamantsi (Mineralni Bani municipality, region of Haskovo), followed by secondary schools in Haskovo and Kardzhali, which
achieve doses up to 8.1-17 μg.m-3.
The measures calculated by the platform show
that the main sources are organic carbonyl compounds found in building materials including new
coverings. It also found seasonal variability with
higher levels observed in warmer months.

KEYWORDS:
BTEX, indoor air pollution, exposure assessment, health
risk

INTRODUCTION
Indoor air quality is part of the indoor environment that includes physical and psychological aspects such as illumination, acoustics, thermal comfort, and more. It is known that air quality in a room
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plex interactions (e.g. simultaneous changes in indoor emissions and outdoor concentrations) are
translated into actual terms of human exposure and
intake, thus transforming qualitative hypotheses into
quantitative estimates. All modelling calculations
were carried out through the INTERA computational
platform, which is specialized for addressing aggregate and cumulative exposure from indoor sources.
The platform allows for dynamic calculations in time
and incorporates probabilistic analysis using “library” sampling. Despite the wide variety not only
in the values and type of pollutants but also in the
inhabitants such as age, sensitivity and other INTERA, it provides opportunities to use different
models of impact and to simulate and assess the impact of one or more pollutants on an object. Notwithstanding the complexity of the problem, the proposed computer platform allows the accumulation of
more and more source data, including geographic
distribution, which makes it increasingly universal
and widely applicable to assessing the impact of indoor pollutants.

MATERIALS AND METHODS
Experimental. The study assesses overall personal exposure and actual population intake of numerous compounds which belong to VOCs, benzene, toluene, ethylbenzene and o-xylene (BTEX),
taking into account indoor exposure patterns and
seasonal variability. The results are geared to support integrated health risk assessment for the urban
population. The methodology includes the period between July and October 2015, affecting the most vulnerable groups of residents 5 years and 5-15 years
[8]. Field measurements are supported by laboratory
analyses of chemical compounds. They were examined using a passive sampling method and measured
to gas chromatograph equipped. BTEX levels in the
indoor air provide the input needed for the INTERA
computational platform [9, 10], for the calculation of
indoor concentrations, exposure and intake. The INTERA platform is linked to a database that provides
the necessary data for estimating indoor BTEX concentrations (emissions from various sources, indoor/outdoor air exchange rates, infiltration and deposition rates), as well as data related to exposure
(time activity patterns, types of locations encountered) and intake (inhalation rates based on activities, gender and age group). An added value of the
INTERA computational platform is that it includes
an advanced generic Physiologically- Based Pharmacokinetic model (PBPK) to estimate dynamically
the time course of internal doses of a chemical and
its metabolites in the different tissues composing the
human body [9-10]. The detailed time dynamics incorporated in the INTERA platform allow capturing
in detail intra-day exposure variability related to
changes in outdoor concentrations, selection of activities, and change in the indoor emission sources.
Тhe Executive Environment Agency has not registered excess of the average annual rate of BTEX. Exceeding the norm for protection of human health for
BTEX is reported in the event that the annual average concentrations exceed the limit of 5 μg.m-3 [8].
This is very important, since different types of com-

№
1
2

Region
Kardzhali

3
4
5

Haskovo

6

RESULTS AND DISCUSSION
Determination of the risk of harmful emissions to health at the sites of research. Depending
on the levels of pollution, the respective hazards of
their impact on human health can also be expected.
As a distant effect of air pollution on the premises,
the development of carcinoma at exposure to volatile
organic substances is assumed. Some pollutants may
also have a genotoxic effect. The average values obtained from the experimental data are entered into
the INTERA platform software, which also assesses
the dangers to human health. Input data are presented
in Tables 1-3. The modelling of the platform is done
in the following order: Set the organic matter, the accumulation of which in the human organism will be
simulated. Set the location of the site; Set gender for
the affected people - Simulation is done for both genders; Set the age of affected people. Simulations
have been performed for the following subjects:
Set the weight of affected people from the
available database:

TABLE 1
Age of the affected people in the investigated sites
Populated place
Object
Kardzhali
Language School “Hristo Botev”
Kardzhali
SOU “P.R.Slaveykov”
Shiroko pole
Haskovo
Haskovo

OU “Ivan Vazov”
Math school “I Petkanchin”
Kindergarten “Zvunche”

Karamantsi

SOU “Hristo Botev”
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Age (years)
15 and over 15
9-14
15 and over 15
9-14
15 and over 15
1-2
3-8
9-14
15 and over 15
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TABLE 3
Activity of affected people by hours
3-8 years

1-2 years
Activity
Sleep
Breakfast
Play
Game
Lunch
Walk
Sleep
Play
Dinner
Play
Sleep

Fresenius Environmental Bulletin

Duration
(h)
7
1
3
1
1
1
1
2
1
1
5

Activity
Sleep
Breakfast

Duration
(h)
7
1

Transport to kindergarten
kindergarten
Transport to home
Dinner
Sport
Watching TV
Sleep
Sleep

1
8
1
1
1
1
1
3

9-14 years
15 and over 15 years
Activity
Duration
(h)
Sleep
7
Breakfast
1

Transport to school
School
Lessons
Sport
Transport to home
Dinner
Watching TV
Computer

1
8
1
1
1
1
1
2

pets and parquet floor covering, which are significant sources of chemicals. Given the complexity and
the differences in the chemical composition of the
indoor air chemical, there would be scope for addressing the combined exposure of the population to
airborne chemical mixtures characteristic of specific
environmental settings in order to assess the potentially attributable health risk and identify the most
appropriate risk management strategies. Results
shows that the girls have higher levels of contaminants than boys in the same investigated room. Differences in mean body mass and age have an impact
on target values and are, in general, lower than those
for boys, but do not alter their nature and significance for the pollutants investigated. For both genders, other pollutants such as aliphatic hydrocarbons
have much less significant impact, and for most of
the tested indicators even values could not be entered
in the platform because the available contents are
within the limits of detection of these pollutants. It is
obvious that the expected degree of creation of
health risk from them can be considered negligible.
For all objects where such values are still found, data
about them is entered into the platform and they give
an idea of this insignificant impact.

TABLE 2
Ages of people affected in the investigated
objects by weight
Age (years)
Weight (kg)
Boys
Girls
1-2
12.15
11.68
3-8
22.05
21.69
9-14
42.40
42.50
15 and over 15
73.30
63.90
Set simulation period-24 h; Set concentrations
of substances in the objects under consideration;
Description of the activity of the affected persons by
hours in working days:
Setting of calculation indicators: inhalation exposure – μg.m-3; Inhalation rate of inhalation – μg.h1
; Amount taken by the body per kilogram by inhalation; Concentration of the substance in the blood –
μg.L-1.
From the presented data the impact on boys is
most pronounced for the inhabitants of the village in
the village of Karamantsi, followed by the high
schools in Haskovo and Kardzhali, where the dosages reached 8.1–17.0 μg.m-3. The workflow of the
calculations is based on: gathering data on micro-environmental concentrations, relevant to the major activities of the population; use of information of timeactivity data for estimating exposure diurnal variability and uptake, utilizing the duration and the type
of activity, which in turn affects the inhalation rate;
estimation of internal dose in terms of substance
within the systemic circulation. The encoded data in
the platform allows to compare also the rates of absorption of pollutants and the portion of the dose that
is fixed in the plasma of the blood. The overview of
the results indicated that for some contaminants a
wide variability is observed, due to the different
source characteristics. This is mostly associated to
indoor sources such as building materials like car-

Comparison with the results of the monitoring of background loads. Statistics in Bulgaria
show that every year among 100 000 people there are
over 200 cases of malignant neoplasms of the respiratory organs and chest. For our 10-year follow-up
period 2005-2012, larynx cancer ranges from 65 to
70, and lung and tracheal cancer from 125 to 150 per
100 000 population. The lung cancer mortality rate
for the country in recent years is over 50 per 100 000.
The real registered cases of larynx carcinoma and
lung and tracheal carcinoma for the country and in
the districts where the investigated sites are presented are presented in Table 4 and 5 And Figures 1
and 2.
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Place
All country
Haskovo
Kardzhali
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TABLE 4
Registered cases with larynx carcinoma. Frequency – 100 000 people
2005
2006
2007
2008
2009
2010
2011
63.2
64.9
67.0
68.7
68.9
65.7
66.7
68.4
71.2
78.6
71.8
73.5
76.9
82.4
35.9
45.6
40.1
42.2
45.7
46.7
53.1

TABLE 5
Registered cases with lung and tracheal carcinoma. Frequency – 100 000 people
Place
2005
2006
2007
2008
2009
2010
2011
All country
130.8
135.9
142.0
146.5
143.0
137.8
138.8
Haskovo
112.5
113.5
142.3
190.9
183.5
176.6
179.4
Kardzhali
107.4
122.2
126.1
130.5
121.0
129.7
118.4

2012
66.8
79.9
58.0

2012
135.0
168.0
110.8

FIGURE 1
Frequency of registered cases with larynx carcinoma.
Average country data on the incidence of registered cases of larynx carcinoma differed slightly during the study period, but showed a slight upward
trend over the period 2005-2008, after which they
tended to the initial 63.2 cases of illness per 100 000
population. Laryngeal carcinoma incidence rates
(Figure 1) among the Kardzhali population are well
below the country average over the entire follow-up
period. There is a gradual but well-pronounced trend

of a significant increase in the incidence of cases
among the population of both counties. In terms of
area. Kardzhali these data are in accordance with the
measured radon values in the examined sites of the
district. The mean lung and tracheal carcinoma incidence (Figure 2) also varied during the study period
in small ranges from 130 to 144.6 cases. Again, the
frequency and location data are lower among the
population in region Kardzhali.

FIGURE 2
Frequency of reported cases of lung and trachea carcinoma.
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Among the population of the Haskovo and
Kardzhali regions, the incidence of registered carcinoma at both sites is higher than the country average. In terms of area. Haskovo these data are comparable to the high values of the measured radon in
the investigated sites in this region.
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CONCLUSIONS
The attempt to compare the values obtained
for the chemical pollutants in the investigated objects from the border regions with Greece shows
that there is a connection both with the background
loads and with the newly developed new materials
and techniques in the specific sites. Internal exposure to benzene toxic metabolites is higher to children, due to the relatively higher bodyweight normalized daily dose.
Human biomonitoring (HBM) is rapidly becoming a generalized approach to estimating the internal dose of xenobiotics in humans.
In the implementation of the INTERA methodology, HBM data are used to validate the internal
dose estimates of the PBPK model developed for
each individual component of the BTEX mixture
and for co-exposure to the quaternary mixture as a
whole.
Considering also the relatively large variance
of concentration values for most of the chemicals
reviewed herein within the same region it is essential to include in future studies analyses of the socioeconomic determinants that may affect population
exposure to indoor air chemicals.
The well-known data from the monitoring of
the competent state authorities and other scientific
studies as well as the newly obtained data from this
publication show that there are grounds for periodic, more extensive investigations in these areas
and even specific sites, in order to confirm or deny
the temporary nature with established pollutants in
specific object.
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Air pollution can occur due to the installation
of industrial facilities in the wrong place, the deterioration of nature and the insufficient protection
measures, improper construction, increase in the
number of motorized vehicles for traffic [1]. Individuals who are chronically exposed to a high level
of particulate matter (PM) are at increased risk for
chronic respiratory disease, lung cancer and cardiovascular diseases. Nations develop policies at the national and international level for reducing pollutant
emissions. Scientists and politicians are constantly
preparing new regulations and resolutions, tracking
systems and perform situation analysis. To track and
foresee the air quality is necessary to reduce health
risks and support the sustainable development of cities and communities. In this context, the aim of this
study was chosen as implementing and comparing
various Artificial Intelligence (AI) techniques in the
prediction of particulate matter and specifically
PM10 concentration levels.

ABSTRACT
A significant correlation exists between
chronic exposure to a high level of particulate matter
(PM) and an increase in health risks. To track and
foresee particulate matter levels is necessary to reduce health risks and support the sustainable and
healthy development of cities and communities. In
this context, the aim of this study was chosen as implementing and comparing various Artificial Intelligence (AI) techniques in the prediction of particulate
matter, and specifically PM10 concentration levels.
The prediction approach implemented in the study
was utilizing temporal forecasting models based on
univariate time series of PM10 concentrations. Three
different approaches were used for forecasting the
PM10 concentrations. The first approach was based
on Machine Learning techniques. The second
approach utilized the Nonlinear Auto-Regressive
Neural Networks (NARnets), and the third approach
was focused on using Long-short term memory
(LSTM) networks. The results of the study indicate
that NARnets provide the most accurate results in the
prediction of PM10 series with short term temporal
dependencies.

Background. Air quality modelling and air
pollution prediction has been a very active research
field for several years. Different classifications of research exist in air pollution prediction. Depending
on the type of data used for prediction the methods
can be classified as temporal (time-series based)
methods, spatial (location) based methods, and spatiotemporal methods [2]. An extensive review classified the studies in the field as i.) Potential Forecasting Methods, ii.)Statistical and AI Forecasting Methods, iii.) Three Dimensional Methods, iv.) Hybrid
Systems, and v.) Others [3]. The majority of the recent studies in air pollution prediction focus on machine learning approaches and the prediction models
in these approaches can be classified into two types
as estimation and forecasting models[4]. An estimation model aims to estimate the value of a pollutant
(or index of contamination) from the measurement
of other predictive parameters at the same time step.
It is mostly used to give an approximation of the concentrations in an extended geographic area. On the
contrary, the objective of a forecasting model is to
predict the concentration levels of the contaminants
in the near future. The research in air pollution prediction through machine learning can be categorized
in six dimensions as i.) Identifying Relevant Predictors and Understanding the Non-Linear Relationship
with Air Pollution, ii.) Image-Based Monitoring and

KEYWORDS:
PM10, Time Series, NAR Network, LSTM, Machine
Learning

INTRODUCTION
Air pollution can be defined as the existence of
one or more pollutants in the open air, human, plant
and animal life. Well-known air pollutants include
Ozone (O3), Nitrogen dioxide (NO2), Carbon monoxide (CO), Sulphur dioxide (SO2) and Particulate
Matter (PM). PM10 refers to particles with a diameter of 10 micrometres or less and when inhaled these
particles can cause heart and lung problems. PM can
include sulphates, nitrates, organic chemicals, dust
particles, pollen or mould spores. It is generated by
vehicles and as a side product of many industrial production processes. PM can irritate eyes, nose, throat,
worsens asthma and other lung diseases, and can
cause serious heart problems.
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The estimation approach implemented in the
study was developing temporal forecasting models
based on univariate time series of PM10 concentrations. In the literature, the temporal models used for
forecasting air pollution are mainly in hourly and
daily resolution [7].

Tackling Low Spatial Resolution from Non-Specific/Low-Resolution Sensors, iii.) Considering
Land Use and Spatial Heterogeneity/Dependence,
iv.) Hybrid Models and Extreme/Deep Learning v.)
Towards an Application System and vi.) Nanoparticles as a New Challenge [4]. A similar work [5] classified the machine learning algorithms for air quality
modelling as i.) Role of input parameters in a successful air pollutant estimation and forecasting, ii.)
hybrid and deep learning approaches, iii.) contribution of satellite image and sensor-based monitoring
techniques to enhance pollution prediction accuracy,
iv.)relationship between air pollution and land use,
v.) application based approaches. As reviewed in [6]
deep learning approaches (such as the use of CNN,
LSTM, GRU networks) have also been utilized to
predict air quality based on temporal or spatiotemporal data. A considerable number of studies exist in
the field with a specific focus on the prediction of
particulate matter (and PM10). These can be classified as Statistical Models, Temporal Models (with
Multiple Inputs mainly covering Multi-Variate Linear Regression and ANN) and Others (ARIMA, Hybrid models, BRT (Boosted Regression Tree), CART
(Classification And Regression Trees), GAM (Generalized Additive Model), QRM (Quantile Regression Model) fuzzy, and SVM (Support Vector Machines) [2]. The statistical methods used in pollutant
level prediction mainly reflect the statistical connections between various impacts and air pollutants in
time series, applying the historical data to predict air
quality instead of physical, chemical, and biological
processes. They are data-based models with the theory of mathematical statistics, probability, and stochastic processes. The traditional statistical models
used in air pollution forecasting are autoregressive
integrated moving average (ARIMA), grey model
(GM), and other regression models[7]. In the univariate statistical models PM10 values in preceding
time steps are found to be similar to the initial conditions for the PM10 prediction in the following time
steps and thus the t-1, t-2, t-3… and other lagged values of the PM10 time series are considered as an explanatory variable in this type of forecasting models.
Including lagged PM10 values in the set of input variables is expected to improve the prediction results.
It has also been demonstrated that the lagged PM10
is a more important variable than temporal or meteorological variables in the forecasting of PM10 in urban areas [8-10].

Data Definition. The dataset used in the study
was acquired from the National Air Quality
Monitoring Network of Turkey. The network
contains 100+ monitoring stations and mobile
monitoring vehicles, which store between 10-15
different parameters related to air quality including
pollutant concentrations and weather data. The data
is stored by the Ministry of Environment and
Urbanization and disseminated through a web
application. The initial form of the dataset acquired
for this study was a group of univariate time-series
containing hourly readings of air pollutant values.
The initial raw data contained hourly readings of
pollutants such as SO2, NO2, O3, PM10 and PM2.5,
along with weather characteristics. The period of
data was between 01/01/2019-06/01/2020. The daily
averages of the PM10 concentrations were
calculated from the hourly data and used as the main
dataset of the study.
Exploratory Data Analysis. The series used in
this study contains 371 values, with a mean of 36.72,
minimum of 6.29, maximum of 169.88. To
determine the type of stationary test to be applied, it
is important to assess the existence of the intercept
(i.e. constant term E 0) in the regression of series to
its 1st lag. Thus, in the first stage, the significance of
the coefficients (E0,E1) of the following equation was
checked with a simple linear regression analysis.

PM 10t

E0  E1PM 10t 1

As shown in Figure 1 both E0 ( i.e. the intercept)
and E1 the coefficient of 1st lagged value of PM10
were found significant( t=8.49 p=0.00; t=12.55
p=0.00)
In the next stage, to check the stationarity of the
PM10 series at Level an Augmented Dickey-Fuller
(ADF) test has been done with the assumptions of
i.)the existence of Trend and Intercept and ii.)the
existence of the Intercept only (Figure 2, Figure 3).

MATERIALS AND METHODS
The study area was chosen as Kadikoy district
which is located in the Asian side of Istanbul. The
district is densely populated, contains both residential buildings and commercial areas, and is considered as the centre of the Asian side of the city.

FIGURE 1
Regression analysis results
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The result of of Ng-Perron tests confirm with
%95 confidence that the unit root is not present
(MZa:-118.9 < -17.3, MZt -7.68 < -2.91, MSB 0.06
< 0.16, MPT 0.86 <5.48 for the test with trend and
intercept, MZa -85.23<-8.1, MZt -6.52 < -1.98,
MSB 0.07 < 0.23, MPT 0.29 < 3.17) . The results of
the both the ADF and Ng-Perron tests showed that
the series is stationary at Level, and the order of
integration of the PM10 series is determined as I(0).

FIGURE 2
ADF Test with Trend and Intercept

FIGURE 3
ADF Test with Trend only

FIGURE 6
Correlogram of PM10 Series

The ADF test checks the null hypothesis of a
unit root is presence in a time series sample. The
results of the ADF tests indicate with %95
confidence that a unit root is not present in the series
(t=-10.36 p=0.00 for ADF test with trend and
intercept, t=-10.30 p=0.0. for ADF test with intercept
only). As a second unit root test, Ng-Perron Test was
conducted. Ng-Perron test includes four test
statistics, first two statistics are modified forms of
Phillips and Perron statistics, the latter two are
Bhargava statistic, and the ERS Point Optimal
statistic. The Ng-Perron tests were conducted at
Level with the assumptions of i.)the existence of
Trend and Intercept and ii.)the existence of the
Intercept only (Figure 4 & Figure 5).

In the next stage, to understand the nature of the
series a correlogram analysis has been conducted
(Figure
6).
The
correlogram
provides
Autocorrelation and Partial (Auto) Correlation plots
and values which helps in determining if the series
exhibits any Autoregressive (AR) and / or Moving
Average (MA) nature.
N 367
SE AC ( k )

1
N

1
367

0.0522

tc 1.96 o (df

366; Sig.Level 0.05)

t AC (1)

AC (1)
SE AC (1)

0.546
10.46 ! 1.96
0.0522

t AC (2)

AC (2)
SEAC (2)

0.369
0.0522

tPAC (1)

PAC (1)
SEPAC (1)

0.546
10.46 ! 1.96
0.0522

7.07 ! 1.96

PAC (2) 0.101
1.93  1.96
SEPAC (2) 0.0522
As indicated in the formulas the standard error
(SE) for the series with 367 observations is found as
0.0522, while the critical t-distribution value for 0.05
significance level and 366 degrees of freedom is
~1.96. The t values calculated for autocorrelations
(AC) in 1st lag and 2nd lag (10.46>1.96 ; 7.07>1.96)
indicate that the autocorrelations in these two lags
(AC(1), AC(2)) are significant. On the other hand,
the partial autocorrelation (PA) for the 1st lag
(10.46>1.96) was found significant, while the partial
autocorrelation for the 2nd lag (1.93<1.96) was not
found significant. The correlogram analysis results
showed that this PM10 series approximates to 1st
order autoregressive process. Based on this finding
the lags to be considered in the machine and deep
learning models is determined as t-1.
tPAC (2)

FIGURE 4
Ng-Perron Test with Trend and Intercept

FIGURE 5
Ng-Perron Test with Intercept Only

8393

© by PSP

Volume 31– No. 08A/2022 pages 8391-8397

Machine and Deep Learning. Today machine
and deep learning facilitate the prediction of air quality time series. Machine learning can be defined as a
field that is focused on programming computers in a
way that they can learn from the input data. Machine
Learning is a fundamental field of Artificial Intelligence. There are different classifications of Machine
Learning approaches. For example, a key classification [11] refers to the role of human intervention/supervision and classifies the approaches as Supervised (where the training data also includes the desired solutions to the problem), Unsupervised (where
no apriori solution is presented in the training data)
and Reinforcement (where a digital agent learns
through rewards and penalties). Supervised Learning
either focuses on classifying a categorical variable
with the help of predictor variables or predicting the
value of a numerical variable through regression.
Unsupervised Learning focuses on separating unlabeled data into clusters, detecting anomalies in the
data, dimension reduction and learning the rules of
an association. Deep Learning refers to series of neural network-based algorithms with more than a single hidden layer.

Fresenius Environmental Bulletin

base machine learning techniques with the focus of
decreasing variance and bias. Bagging and Boosting
are the most used ensemble learning techniques.
Bagging uses bootstrap sampling to obtain data subsets. Following the training of the base learners the
method uses voting/averaging for aggregating the results of training. Boosting refers to any Ensemble
method that can combine several weak learners into
a strong learner. The general idea of most boosting
methods is to train predictors sequentially, each trying to correct its predecessor [11]. Neural networks
are a set of well-known machine learning algorithms
that mimic the information generation and storage
procedures of living creatures. Neural networks are
used in performing all types of machine learning
tasks including classification, regression and clustering. Some tasks such as time series prediction or prediction of information based on the output of a previous sequence have been considered as difficult
tasks for traditional neural networks as these cannot
remember their output for a previous time step. This
is considered a key shortcoming of the traditional
neural networks. For instance, in speech recognition,
a word in a sentence can be predicted easily by looking at the words that occurred previously in the same
sentence, or the preceding sentences. Recurrent Neural Networks (RNNs) are designed to address this
shortcoming of traditional neural networks for such
tasks. RNNs are networks with loops that help the
information from the previous time step to persist
and to be fed back to the same network again. Classical RNNs work with success if the gap (i.e. the
number of time/sequence steps) between the information to be predicted and the predictor(s) is small.
In some cases, this gap becomes very large and, in
that case, classical RNNs become unsuccessful in
their predictions. To use RNNs for univariate time
series predictions two different and new types of
RNNs, NARnet and LSTMs, can be utilized. Classical time series models, such as ARIMA (Auto-Regressive Integrated Moving Average), are linear
models. However, in all applications subject to high
variations and rapid transients, the time series cannot
be modelled by a linear model, and so a nonlinear
model should be proposed for time series. A Nonlinear Auto-Regressive Neural Network (NARnet) is a
Recurrent Neural Network that forms a discrete,
nonlinear, autoregressive system with endogenous
input and can be used for time series analysis [13].
Another RNN that can be used for time series analysis is LSTM. The Long Short-Term Memory Networks (LSTMs), a special type of RNN and can learn
from long-term dependencies in data (i.e. where the
gap between items is large). LSTM manages this
through cell states. Cell states help the LSTM network to selectively remember and forget information.
In this study, machine and deep learning approaches explained here and temporal models built
by these approaches were tested and compared with

Tested Algorithms. In this study supervised
machine learning and deep learning approaches are
implemented and tested for the prediction of PM10
concentrations. The first set of techniques implemented includes linear regression, regression trees,
regression by support vector machines, gaussian process regression and ensemble methods (such as bagging and boosting). Linear regression aims to explain the relationship between predictor and dependent variables by fitting a linear equation to the observed data. Decision trees traditionally are used for
classification tasks. A classification tree is an algorithm where the dependent variable is categorical.
Regression trees are decision trees, developed to predict a continuous dependent variable. The regression
tree looks very similar to the classification tree. The
main difference is that instead of predicting a class
in each node, it predicts a value [11]. The objective
of a Support Vector Machine (SVM) algorithm,
when implemented for classification, is to find a hyperplane that has the maximum margin between the
data points in an n-dimensional data space. When
SVM would be used for regression the trick is to reverse the objective, instead of trying to fit the largest
possible margin between classes, SVM Regression
tries to fit as many instances as possible on the margin while limiting margin violations[11]. Another
type of machine learning algorithm used for regression is GPR. A Gaussian Processes Regression
(GPR) model can make predictions incorporating
prior knowledge (kernels) and provide uncertainty
measures over predictions [12]. Meta-level models
also provide significantly accurate results in machine learning. Ensemble learning algorithms are
considered as meta-level algorithms that implement
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the focus of forecasting PM10 concentrations on a
univariate time series.
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Among the linear regression models Linear
Regression performed better, Medium Tree
performed best among tree-based models, quadratic
SVM provided better performance when compared
with linear SVM, among ensemble methods Bagged
Trees performed superior, Matern 5/2 GPR was the
model with the best accuracy among Gaussian
Process Regression models. The best performing
ML model was Linear Regression with an RMSE of
35.45 and an R-squared value of 0.208. Further
details and default hyperparameters of the tested
algorithms/models can be found in [14].
In the second stage, the PM10 levels were
predicted using Nonlinear Autoregressive Neural
Networks (NARnets). Three single layer NARnets
with different number of neurons were trained 10
times each (with default max. epochs) and networks
with the best accuracies were saved. The testing of
the trained (saved) models with 20% of the data were
then conducted as a separate process. Table 2
provide the metrics related to the accuracy of the
tested models.

RESULTS AND DISCUSSION
The first approach followed in the study was
based on Machine Learning techniques. The second
approach followed utilized the Nonlinear Auto-Regressive Neural Networks (NARnets), and the third
approach was focused on Deep Learning and
specifically on LSTMs. Based on the findings of the
exploratory analysis completed in the previous
phase, the lags to be considered in the training of the
machine and deep learning models was determined
as t-1.
In the first stage, several regression-based
approaches (such as Linear and Gaussian Process
Regression, Tree-Based Regression, Support Vector
Machine Regression, and Ensemble Methods) were
utilized to forecast PM10 concertation. The train/test
split of the data was made as 80% -20%. The
Regression Learner App of MATLAB 2021a were
used to train the algorithms with 80% of the data and
with default hyperparameters of each algorithm. The
trained models were then saved and testing of the
models with 20% of the data is conducted as a
separate process also by using MATLAB. The
predictions are made in form of one-step-ahead
forecasts.
Two performance metrics were used to
evaluate the accuracy of the algorithms. The first
metric used was Root Mean Squared Error (RMSE).
The Mean Squared Error (MSE) is calculated as the
sum of the square of error in prediction. RMSE is the
square root of MSE. The second metric used was Rsquared (coefficient of determination) and is the
proportion of the variance in the dependent variable
that is explained by an independent variable. Lower
RMSE and higher R-squared scores are indicators of
better accuracy. The accuracy of tested ML
algorithms/models is presented in Table 1.

TABLE 2
Accuracy of NARnet Models
Algorithm Hidden Size RMSE
Layer
NARnet
1
3
38.273
NARnet
1
5
33.61
NARnet
1
10
33.726

R^2
0.077
0.288
0.283

The Nonlinear Autoregressive Neural Network
with the size of 5 neurons showed the best accuracy
with an RMSE of 33.61 and an R-squared value of
0.288, the 10-neuron NARnet showed a very similar
accuracy with 33.726 RMSE value and an R-squared
value of 0.283. NARnets with size < 3 neurons or
size > 10 neurons have not shown better
performance and thus the results of the tests with
these networks are not listed here.
In the third stage, 4 similar multi-layer LSTM
networks containing a single hidden LSTM Layer
were used to forecast PM10 concentrations. The
LSTM networks are configured and implemented in
the MATLAB environment. The overall network
architectures consisted of 4 layers; an input layer, an
LSTM layer, a fully connected layer and a regression
layer. The optimization algorithm for the training
was selected as SGDM, the maximum number of
epochs was chosen as 250, and the learning rate was
chosen as 5%. These values were determined as a
result of grid-search to obtain the best
hyperparameters. The performance of LSTMs with
4 different unit sizes was tested during the
experiment. The models were trained 10 times each
and saved and the metrics of networks with the best
test accuracies are listed in Table 3.

TABLE 1
Accuracy of Machine Learning Models
Algorithm
RMSE
R^2
Linear Regression
35.454
0.208
Robust Linear Regression
37.673
0.105
Fine Tree
37.753
0.102
Medium Tree
37.329
0.123
Coarse Tree
37.874
0.096
Linear SVM
36.629
0.154
Quadratic SVM
36.463
0.162
Boosted Tree
37.576
0.11
Bagged Tree
36.674
0.152
Squared Exponential GPR
36.809
0.146
Matern 5/2 GPR
36.598
0.156
Exponential GPR
36.99
0.138
Rational Quadratic GPR
36.809
0.146
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TABLE 3
Accuracy of LSTM Models
Algorithm Hidden No.of. RMSE
LSTM Units
Layer
LSTM
1
10
38.738
LSTM
1
20
36.82
LSTM
1
50
36.643
LSTM
1
100
36.629
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dependency in the series is short-term. Further
research will focus on comparing the performance of
all algorithms in air quality time series with longerterm time dependencies.

R^2

0.054
0.145
0.154
0.154
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The best performing LSTMs were the ones
with 50 and 100 units, and there was a very slight
difference in the performance/accuracy when these
two were compared. The best performing network
provided an RMSE of 36.626 and an R-squared
score of 0.154, the R-squared score of the network
with 50 units were the same. The LSTMs with no.of.
units < 10 or no.of.units > 100 have not shown better
performance and thus the results of the tests with
these networks are not listed in this section.

CONCLUSION
This study aimed to test the efficiency of various machine and deep learning techniques in forecasting PM10 concentrations through temporal forecasting models based on univariate time series. The
dataset used in the study was acquired from the
National Air Quality Monitoring Network of Turkey.
The daily averages of the PM10 concentrations were
calculated and used as the main dataset of the study.
The time span of data covers the period between
01/01/2019-06/01/2020. The exploratory analysis
results demonstrated that the series is stationary at
Level, and the order of integration was I(0). The
correlogram analysis results showed that the PM10
series approximates to 1st order autoregressive
process. The efficiency of a set of machine learning
algorithms, and two different Recurrent Neural
Networks (RNNs) were tested during the study.
Machine Learning algorithms (especially tree-based
algorithms) have demonstrated lower performance
when compared with other Machine Learning
Algorithms. The SVMs and GPR algorithms showed
better performance than some other ML algorithms,
but their performance was behind the Linear
Regression. Linear regression was the algorithm
with the best accuracy among Machine Learning
algorithms, in fact, its’ accuracy was considerably
below the best performing NARnet. The NARnet
algorithm with an appropriate neuron number
provided the best overall accuracy in this study. The
LSTM networks were not as accurate as NARnets.
The relatively low accuracy of LSTMs against
NARnets can be due to 1st order autoregressive
nature of the series, as LSTMs perform better in long
term dependencies. It can be concluded that
NARnets provide the most efficient results in
univariate PM10 time series when the time
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WATER QUALITY EVALUATION BASED ON THE
WATER QUALITY INDEX METHOD IN
KARACAOREN-II DAM LAKE
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Akdeniz University, Engineering Faculty, Department of Environmental Engineering, 07058 Antalya, Turkey

ensuring good water status in the first management
cycle like good ecological status (or potential) and
good chemical status for surface waters [2]. In order
to achieve the mentioned environmental targets, it is
essential to determine the pressures by making
watershed characterization, to reveal the current
situation in water quality and the progress in the light
of previous data and to take the necessary measures.
The water quality index (WQI) is a widely used tool
for determining current water quality and assessing
the long-term trend in water quality. WQI is very
important in taking the necessary measures to
prevent and improve the deterioration in water
quality in order to achieve the determined
environmental targets. The water quality index
collects the data of various water quality parameters
under a single value with a weighted average
calculation, allowing the public to easily obtain
information about water quality without getting lost
in long data lists [3, 4]. The index can be used by
decision makers in determining priorities and
allocating funds, as well as in comparing quality in
different water bodies, evaluating spatial changes of
quality within the same water body, and tracking the
temporal change of quality in the same water body
[3, 5]. Although there are various water quality
indexes in the literature, different index method can
be selected according to the situation, application
target and available data. There are many studies in
the literature to improve the water quality index in
lakes [6, 7, 8, 9]. However, studies evaluating the
distribution of water quality indexes with time and
space are limited. The aim of this study is the
investigation of water quality using NSF water
quality index method and assessment of seasonal and
spatial change of the distribution of index values on
the surface of Karacaören-II Dam Lake. Thus, it will
be possible the determination of the areas represents
poor water quality and required more attention of the
managers.

ABSTRACT
The aim of this study is the evaluation of the
water quality in Karacaören-II Dam Lake using NSF
(United States National Hygiene Foundation)
indexing method. The lake is planned to provide
drinking and potable water in Antalya in the near
future. Therefore, water quality index value in the
lake can be used to inform the public about water
quality of the lake. In this study, interpolation maps
for the surface of Karacaören-II Dam Lake is
constituted using water quality index values
calculated by NSF indexing method. Thus, the areas
which represents poor water quality are quickly
determined by the help of water quality index values
and point out the locations to take action.
Furthermore, distribution of water quality indexes on
the surface of the lake are assessed temporally by the
help of interpolation maps. The results obtained from
this study showed that distribution of water quality
index values in winter are considerably different
than that in summer. Water quality index values for
winter represented middle class water quality in
most of the reservoir. Thus, immediate measures
should be taken to improve the water quality in the
reservoir to achieve good water quality mentioned in
Water Framework Directive.

KEYWORDS:
Karacaören-II Dam Lake, water quality index, water
pollution

INTRODUCTION
The European Union Water Framework
Directive (2000/60 / EC) and the Surface Water
Quality Regulation includes measures to be taken to
determine the quality of surface waters, classify
them, reveal the usage purposes of these waters in
line with the sustainable development goals, protect
and achieve good water status [1]. Environmental
objectives mentioned in the Water Framework
Directive include protection of surface waters
without deterioration in the status of them,
improvement and restoration of water bodies,

MATERIALS AND METHODS
Study Area. Karacaören-II Dam Lake was
built within the borders of Burdur Province, on Aksu
Stream, between 1988-1993 for irrigation and

8399

© by PSP

Volume 31– No. 08A/2022 pages 8399-8403

energy purposes. It is located at 37o18 'north latitude
and 30o48' east longitude (Figure 1). The lake
surface area and average depth is 2.34 km2 and 20.5
m, respectively. The dam lake is very important
because it is a recreation area, used for irrigation and
energy purposes [10]. Morever, it is planned to
provide drinking water requirement of Antalya
Province in the future. Therefore, protection and
management of the lake with a sustainable manner is
crucial. Recent scientific studies mentioned the
accumulation of heavy metals in the water column of
the lake and fishes living there. Furthermore,
advanced treatment and disinfection is required to
use lake water for drinking. For this reason,
determining water quality indexes on the surface of
the lake for different seasons and evaluating its
spatial distribution will be beneficial for the better
management of lake water quality. Water quality
measurements were carried out at 22 sampling points
on the lake surface (Figure 1). While dissolved
oxygen (DO), pH, temperature, nitrate nitrogen
(NO3-N) and turbidity are measured in the field
using a multiparameter water quality sonde (YSI
6600 EDS), total solid experiments were conducted
in the laboratories of Mediterranean Fisheries
Research, Production and Training Institute [11].
While winter sampling was conducted in November
2015, summer sampling was performed in August
2016. The data obtained from field and laboratory
measurements are used to calculate water quality
index values at 22 sampling locations using NSF
indexing method.
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expresses the total water quality by taking the
weighted average of the pollutant concentrations.
Hence, even the ordinary people can quickly get an
opinion about water quality with the index value.
Furthermore, temporal change of quality at a certain
surface water can be easily followed at the same
point with the help of water quality index value.
Moreover, water quality index can change at
different places in the same water body and give a
sign about the entrance points of pollution sources.
There are a range of different water quality index
methods but NSF (United States National Hygiene
Foundation) indexing method is one of the most
commonly used one.
NSF (United States National Hygiene
Foundation) indexing method. Firstly, water
quality index was developed by Horton (1965) [12]
to determine the status of waterbodies by
incorporating ten water quality parameters into a
single value. Then many different WQI methods
have been developed within time. Brown et al.
(1970) [13] introduced a new WQI. The selected
water quality variables used in the calculation of this
index with arithmetic aggregation are DO, pH, FC,
BOD, temperature, nitrate, total phosphate, turbidity
and total solid. After that, Brown et al. (1973) [14]
suggested the use of geometric aggregation instead
of arithmetic one in the calculation of the index. This
modified index with the support of National
Sanitation Foundation of USA is named as
NSFWQI.
In this study, WQI values are calculated for 22
sampling stations in Karacaören-II Dam Lake for
winter and summer seasons based on the water
quality data available. Six of suggested nine
parameters

Water Quality Index. The calculation of water
quality index instead of evaluating water quality
parameters separately is an easy way to determine
water quality classes. The water quality index

FIGURE 1
Location of Karacaören-II Dam Lake and sampling locations [11]
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TABLE 1
NSFWQI and modified weights for selected water quality parameters [15, 16]
Modified
Weights
weights used in this
Pollutant Variables
given in
study
NSFWQI
Dissolved Oxygen
0.17
0.270
Fecal Coliform
0.16
pH
0.11
0.175
BOD5
0.11
Nitrates
0.10
0.159
Phosphates
0.10
Temperature
0.10
0.159
Turbidity
0.08
0.127
Total Solids
0.07
0.111
Total
1.00
1.000
in NSFWQI method are used in the calculation of
index values. DO, pH, nitrates, temperature,
turbidity and total solids are the parameters of
selected. Therefore, the weights used in NSF method
is modified with respect to selected water quality
parameters used in this study. For this purpose, each
weight was given in NSFWQI divided by the sum of
all the weights of water quality parameters which
data is available to arrive at the final weight. Original
weights given in NSFWQI and modified weights
used in this study for selected water quality
parameters are given in Table 1. Then, NSFWQI is
calculated by the following formula.
ܹܳ ܫൌ σୀଵ ݓ ݍ
(1)
where wi is the the relative weight for the variable i,
qi is the sub-index value for the water quality
parameter i, and n is the number of water quality
parameters used in WQI development [15]. Subindex graphics given in Ott (1978) [16] and Wilkes
University CEQ (2020) [17] are used to find the subindex values for each water quality parameter.

considerable increase in DO saturation is observed
in summer season with respect to that in winter. This
can be attributed to the increase of algal productivity
in summer season. Average pH in the lake for winter
and summer is 7.65 and 8.29, respectively. Mean
total solid decreased from 257.8 mg/L (in winter) to
222.6 (in summer) mg/L. The higher TS in
wintertime can be due to the increase of surface
runoff from agricultural sites as a result of higher
precipitation in this season. Mean turbidity value in
summer (4.41 NTU) is higher than that in winter
(0.99 NTU). Average nitrate concentration is so
similar for both seasons.
After the statistical evaluation of the
measurements, an interpolation surface is
constituted using calculated water quality index
values with the help of ArcGIS software. Hence,
water quality index values in unmeasured locations
are determined based on the calculated index values
for 22 sampling locations. In Figure 2, distribution
of WQI in Karacaören-II Dam Lake for November
2015 is depicted. When these results are compared
with the ranges given in the NSF water quality index
classification, it is seen that middle class water
quality is observed in most parts of the reservoir with
a minimum 56 and average 65 WQI value. In
Figure2, the areas shown by orange colour depicts
medium water quality. These areas with the lowest
water quality index values for winter are especially
accumulated near to the outlet of the lake. These
areas can be the possible entrance points of pollution
loads like untreated wastewater discharges from
restaurants. However, the areas shown with bluish
colour in the figure represent good water quality. In
these areas, water quality index values are higher
than 70. If water is abstracted from the lake, these
parts of the lake can be used.
In Figure 3, distribution of WQI values for
summer is noticeably different than for winter. The
water quality index values for summer are within the
good water quality range given in Table 2. The
values for summer are distributed within relatively
narrow range from 72 to 78.

TABLE 2
NSF water quality index classification [16, 18]
Range
Quality
90-100
Excellent
70-89
Good
50-69
Medium
25-49
Bad
0-24
Very bad
After the derivation of sub-indexes, WQI
values are calculated using Equation 1 and the
weights given in Table 1. Lastly, water quality
classes at sampling locations are determined based
on the classification given in Table 2 [16, 18].

RESULTS AND DISCUSSION
While the mean DO (%) in November 2015 is
43.72, DO (%) in August 2016 is measured as 115.20
in the field. According to these results, a
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WQI-November2015

WQI-August2016

FIGURE 2
Distribution of WQI in Karacaören-II Dam
Lake for November 2015

FIGURE 3
Distribution of WQI in Karacaören-II Dam
Lake for August 2016

Distribution maps of water quality index values
obtained from this study are not only beneficial to
follow the change of quality at different places in the
Karacaören-II Dam Lake but also useful to track the
change of quality with time at the same point within
the lake. For example, sampling locations k19, k20
and k14 are represented good water quality for both
seasons. However, other locations are characterized
by medium water quality in winter and good water
quality in summer.

quality status. Six of nine parameters mentioned in
NSFWQI are used in this study. So, all parameters
should be taken into account for a better assessment.
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ha of surrounding hilly area with a diverse and rich
flora and fauna [4]. It is an artificial lake fed by a
karstic water source called “Mother of Viroi”. The
flow is 17 m3/s and its yearly average temperature is
13-14°C [5]. The waters of this source are originate
from the Blue Eye in Saranda [6]. The source has a
funnel-shaped cave 6-8m long, 3-4m wide and 22m
deep while the maximum depth of the lake is about
4 m. The lake and the surrounding area are rich in
biodiversity counting around 250 plant species, 72
invertebrates and 16 vertebrate species [7, 8, 9].
Lake Ohrid represents a wealthy resource for
Albania for its treasure of aquatic biodiversity, and
for all the valuable services it offers. Therefore, the
protection of water quality should be always at the
focus, whether for the local government or the administration of protected area. Both the protection
and benefits deriving from ecosystem services
should be also coordinated with the relevant institutions in North Macedonia. The lake must be preserved and exploited as a single ecosystem, regardless of state boundaries. Our study was conducted in
these lakes to evaluate water quality using diatoms.
Biological monitoring has several advantages over
chemical monitoring, as it summarizes the response
of the biota to a range of pollutants occurring in water ecosystems over time [10]. The current study focused on littoral habitats of the two lakes, where tolerant species were observed, belonging to waters
ranging from oligotrophic to eutrophic waters. This
situation pertains to the direct impact of nutrients,
mainly nitrogen and phosphorus.

ABSTRACT
The evaluation of ecological status of waters
based on their chemical and biological analysis is of
high interest and one of the main methods. Thus, the
diatoms algae are the best indicators for assessing the
water quality. The main objective of this study was
to assess and compare the ecological status of waters
in Lake Ohrid and Lake Viroi inSoutheast and South
Albania, respectively. The samples in two lakes were
collected in the littoral zone and analyzed. Quantitative analysis showed that the dominant species in
Lake Ohrid were Cyclotella ocellata, Achnanthes
minutissima and Achnanthes biasolettiana, Fragilaria capucina, Gomphonema pumilum, Gomphonema olivaceum, etc. In Lake Viroi the most dominants species were Achnanthes minutissima,Cocconeis placentula, Nitzschia palea var palea etc. Further, the ecological status of lakes was evaluated
based on the trophic index (TIDIA), saprobic index
(SI) and Specific Pollution Sensitivity Index (IPS),
which indicates that the water in Lake Ohrid and
Lake Viroi was of good and moderate quality, respectively.

KEYWORDS:
Diatom algae, ecological status, trophic index, saprobic index, specific pollution sensitivity index

INTRODUCTION
Albania is a rich country in surface water, lakes
and rivers and their environmental assessment is of
high importance. With a surface area of 358 km2 and
a maximum depth 288.7m, Lake Ohrid is one of the
most voluminous lake in Europe. Shared between
North Macedonia and Albania, the shoreline of the
lake is 87.5km long, of which about 31.5km are on
the Albanian side. Lake Ohrid has a Pliocen origin,
making it one of the most ancient lakes in the world
[1, 2, 3]. Lake Ohrid is home to around 212 endemic
taxa. It accommodates more than 1200 species of
plants and animals, including about 500 species of
diatoms according to Albrecht and Wilke (2008) [1].
Lake Viroi is in the north-west of Gjirokastra
district. It has a surface area of 17ha and about 11.13

MATERIALS AND METHODS
The study was performed in two lakes in Albania during the summer of 2011 in Lake Ohrid and
2013 in Lake Viroi. Samples were collected in the
littoral zone, 0.5 m depth in 7 sampling points for
Lake Ohrid: T1 (Pojske), T2 (Hudenisht), T3
(Hudenisht/Memelisht), T4 (Memelisht), T5 (Gur i
Kuq), T6 (Pogradec), T7 (Verdove) and 2 sampling
points in Lake Viroi respectively, V1 in karst source
of the lake and V2 in the lake, near private businesses
(Fig. 1). In total, nine samples were analyzed for diatom species and chemical parameters as N-NO3and total P. Parameters such as temperature and pH
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of water were measured in situ. The biological investigation was based on a microscopic examination of
diatom communities. Epiphytic samples were collected by squeezing out or scraping off dominant
macrophytes, while epilithic samples were removed
by scrubbing the surface of stones with a toothbrush.
Immediately, samples were fixed with formaldehyde
to a final concentration of 4%. Diatom frustules from
organic and inorganic matters were cleaned by boiling the material, first with HClcc and then, after
washing, boiling them again with H2SO4cc, adding
some crystals of KNO3 during the last procedure, as
described by Krammer and Lange-Bertalot [11].
About 500 valves per slide were counted using 100
oil immersions, yielding a 95% confidence for the
data on species composition [12, 13, 14, 15]. Diatoms were identified using standard literature [16,
17, 18, 11]. ISO standard methods [19, 20] were used
for determining chemical parameters of the water.

Fresenius Environmental Bulletin

RESULTS AND DISCUSSION
Comparing the physical-chemical parameters
in the two lakes it turned out that: The values of pH
revealed that the waters of the two lakes were
slightly alkaline, ranging from 8.45 to 8.88 for Lake
Ohrid and from 7.89 to 8.32 for Lake Viroi, (Table
1). Two chemical parameters; nitrogen and phosphor
are very important in eutrophication of waters. Thus,
the presence of nitrogen (in the form of N-NO3-) in
Lake Ohrid varied from 0.057 mg/l in T7 to 0.190
mg/l in T1 and in Lake Viroi 0.375 mg/l in V1 and
0.487 mg/l in V2. According to the Water Framework Directive [21] based on the values of N-NO3-,
the waters of the two lakes fall under Class I (<
1mg/l) for their quality. Total P varied from 0.022
mg/l in T7 to 0.038 in T4 and T6 for Lake Ohrid and
0.026 mg/l and 0.036 mg/l in two stations of Lake
Viroi (Table 1). Also, for the values of total P, the
waters of the two lakes resulted within the natural
background levels (<0.1mg/l) during the period of
analysis.

FIGURE 1
Locations of study lakes in Albania
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TABLE 1
Physical-chemical parameters in Ohrid and Viroi lakes
Ohrid

Lakes

Hudenisht/
Memelisht
Memelisht

Guri
Kuq

Viroi

Verdove Pogradec Viroi_1

Viroi_2

Stations

Pojske

Hudenisht

Codes
Temperature
(ºC)
pH
N-NO3- (mg/l)
Total P (mg/l)

T1

T2

T3

T4

T5

T6

T7

V1

V2

23,5

25,1

24,5

24,1

24,2

26,8

24,1

12,5

21,2

8,88
0,190
0,035

8,6
0,101
0,025

8,65
0,106
0,033

8,54
0,110
0,038

8,46
0,110
0,032

8,45
0,115
0,038

8,82
0,057
0.022

7,89
0,375
0,026

8,32
0,487
0,036

hantzchii; Cyclotella cyclopuncta; Stephanodiscus
medius.
The most present genders in all stations were,
Navicula, Nitzschia, Cooconeis, Fragilaria, Gomphonema. Species like Cocconeis pediculus, Fragilaria capucina var. vauscheriae, Cymbella caespitosa, Diatoma vulgaris, Gomphonema tergestinum,
Navicula cryptotenella, Navicula capitatoradiata
were presented in 100% and Cyclotella ocellata,
Cymbella microcephala, Cymbella minuta, Fragilaria pinnata, Nitzschia palea, Amphora inariensis,
Cocconeis placentula, Cymbella affinis, Fragilaria
capucina var. vaucheriae, Gomphonema olivaceum,
Gomphonema pumillum and Navicula menisculus
var. Grunowii ranged between 60% to 80%. The
number of species for station ranged from 28 to 44
(Table 3), [23]. The average high number of species
was found in Verdova river (44) and Memelisht (36)
near the miner, which show the high value of nutrient
and organic matters.
In Lake Viroi the number of species varied
from 25 in V2 to 29 in V1. Species such as Cyclotella
meneghiniana Kützing, Cyclotella ocellata Pantocsek, Melosira varians Agardh are centic diatoms
and Achnanthes minutissima,Cocconeis pediculus
Ehrenberg;Gomphonema tergesinum, Fragilaria
capucina, Navicula pupula, Navicula cuspidata, Navicula menisculus var menisculus etc are pennate diatoms. Achnanthes minutissima, which is considered
as tolerant species, has been found in two stations of
the lake.
A special diatom composition was observed at
station V2, where Nitzschia palea var palea, predominates with (33.6%). This is a saprotrophic species [24], which grows up in habitats heavily contaminated with organic matter. N. palea is associated, mainly, with other saprotrophic or tolerant species, such as Navicula accomoda, Gomphonema parvulum, Navicula cryptotenella, Fragilaria ulna etc.
Species as Cyclotella ocellata Pantocsek, Cymbella
silesiaca Bleisch, Fragilaria ulna (Nitzsch), Gomphonema pumilum, Nitzschia palea var palea, were
presented with 100%, Nitzschia dissipata with 92.3
% and other species dominated with 61.5 % mainly.
The species found in the littoral zone of Lake
Ohrid showed that the number of endemic species

TABLE 2
Trophic status of lakes and the values of total
phosphor
Trophic staStaTotal P,
TSI (TP)
tus
tions
mg/l
0.035
54.62
Eutroph
T1
0.025
50.43
Eutroph
T2
0.033
54.47
Eutroph
T3
0.038
56.06
Eutroph
T4
0.032
54.04
Eutroph
T5
0.038
56.06
Eutroph
T6
0.022
48.70
Mesotroph
T7
0.026
51.01
Eutroph
V1
0.036
54.62
Eutroph
V2
Using Carlson equation for total P (TSI - P =
14.42 * Ln [TP] + 4.15 (ૄg/L), we defined trophic
status of lakes. So the trophic status in two lakes in
general is slightly eutrophic (Table 2).
While we may determine the current situation
of waters based on chemical parameters, biological
studies using bio monitoring seems to be the best
way for the historical evaluation of water ecosystems. Diatoms are good indicators for assessing the
eutrophication of lake waters [22], as each species
has its own specific preferences to develop in a given
habitat [12].
Lake Ohrid is a unique ecosystem in terms of
the presence of diatoms, [23].Our study found that
most of species are oligotraphentic, which grow only
in fresh waters with low nutrient levels, such as
Gomphonema lateripuncatatum, Diploneis ovalis,
Nitzschia denticula, Achnanthes minutissima, Cymbella microcephala, Navicula cryptotenella,
Nitzschia angustata, Gomphonema truncatum, G.
parvulum, Fragilaria capucina. Other species as
Amphora pediculus, Cocconeis pediculus, Cymbella
minuta, Diatoma vulgaris var. vulgaris, Epithemia
adnata, E. sorex, Gomphonema pumilum, G. olivaceum, Gyrosigma accuminatum, N. menisculus var.
grunowii, N. reinhardtii, Nitzschia dissipata, N. palea, Rhoicosphaenia abbreviata prefer meso and eutrophic waters.
Centric diatoms are dominated by Cyclotella
ocellata with 86% and 14% was dominated from
species such as Melosira varians; Stephanodiscus
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Eu-politroph

2.1

1.5

1.9

2.1

1.6

1.8

ß-mesosaprob

Oligo-ßmesosapro
b

ß-mesosaprob

ß-mesosaprob

β
mesosapro
b

1.9

Oligosaprobβ
mesosapro

Mesotroph

V2
25
2.66
2.7

MesotrophEutroph

V1
29
3.58
1.8

Eutroph

T7
28
2.20
1.9

MesotrophEutroph

1.9

T6
44
4.26
2.3

Eutroph

1.8

T5
28
3.61
1.6

ß-mesosaprob

Saprobic index, SI

T4
36
3.30
2.3

MesotrophEutroph

Mesotroph

Trophic classes

Specific Pollution Sensitivity Index, IPS
IPS classes

T3
32
2.96
2.1

ß-mesosaprob

T1
31
3.01
1.9

ß-mesosaprob

STATIONS
Number of species (N)
Diversity index H'
Trophic index TIDIA

Saprobic classes

T2
28
2.48
1.7

MesotrophEutroph

For Lake Viroi, the trophic index was 1.8 in V1
were absent, where their presence is higher at differand 2.7 in V2 with trophic status Mesotroph to Euent depths due to the influence of fresh, clean and
polytroph, respectively. Saprobic indices in both
oxygen-rich underwater resources [1]. The diversity
lakes corresponded with saprobic classes, mainly β
of diatoms algae in littoral zone in two lakes corremesosaprob. The values of IPS between 15.3 to
sponds with the level of eutrophications in each sta15.26 showed that in Lake Ohrid, the quality of wation. Thus, using diatoms in the littoral zone inforter is Good, but in Lake Viroi the values of IPS are
mation may be obtained for specific sites rather than
15.92 and 7.87, classifying it from Good to Poor wafor the whole lake [25]. On the other side, in both
ters (Table, 3). The IPS can indicate the pollution of
lakes similar species are found, attributable to the aporganic matters, heavy metals and other substances
proximate chemical values.
in the water body [27].
Taking into consideration the number of species in both lakes some indices were calculated such
as Diversity Index H’, Trophic index TIDIA, Saprobic
index SI and Specific Pollution Sensitivity Index,
CONCLUSION
IPS. Diatom indices have been used extensively for
water pollution and trophic status assessment. IndiThe presence of diatoms species in the littoral
ces like trophic indices (TIDIA) were significantly
zones of both lakes were useful to evaluate the situcorrelated to (nutrient) ammonium, nitrate and phosations of eutrophication in each station. The diversity
phate concentrations. However, saprobic indices (SI)
of diatoms in littoral zones was affected by the
were significantly correlated to organic matters and
amount of nutrients. Endemic species were absent in
IPS is correlated with organic and inorganic matters.
the littoral zone of Lake Ohrid. The trophic status
The high Diversity Index (H’) shows healthy system
based in total phosphor, in Lake Ohrid waters differ
trends, each species represented by small numbers.
from mesotroph to eutroph and in Lake Viroi are
We calculated the highest value of diversity index in
slightly eutrophic. This situation of chemical paramT6 (approximately 4.26) and lowest value in T7
eters correlated with all indices of diatoms algae and
(2.20). The situation in Lake Viroi is the same, with
their classes. Thus, Lake Ohrid presents good quality
values at 2.66 (V2) and 3.58 (V1). When species
of water and Lake Viroi moderate quality of water.
richness is from high to low, the system is under the
The high value of indexes showed the presence of
stress. The diversity index represents changes in waorganic matters and eutrophy in water. This fact is
ter quality in a system. The high value of diversity
more evident in Lake Viroi which is smaller than
index is correlated with the high number of dominant
Lake Ohrid and suffers more from human pollution
species (Table3).
impact.
Trophic index ranged from 1.6 (T5) to 2.3 (T4;
Ecological investigations are necessary based
T6) in Lake Ohrid and the trophic status in each staon Water Framework Directive. Water bio monitortion was Meso-eutroph to Eutroph in T4 and T6. The
ing using diatoms as bioindicators is commonly used
high trophic index values are the results of high levtoday in Europe and beyond; it provides data that
els of inorganic matters (nitrogen and phosphorous),
consider the impact on the life cycle of periphyton
which [26] have a strong influence on the growth of
organisms, as well as the synergic interaction of
macrophytes. They are affected by the inhabited vilmany pollutants on them; it represents an advantage
lages: Hudenishti and Memelishti.
TABLE 3
Indexes in Ohrid and Viroi lakes

15.13

15.25

15.26

15.03

15.18

15.05

15.18

15.92

7.87

Good

Good

Good

Good

Good

Good

Good

Good

Poor
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M., Tudesque L., Van de Vijver B., Vidal H.,
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the biological diatom index (IBD NF T 90-354)
results of an intercomparison exercise. Journal
of Applied Phycology. 14, 27-39.
[15] Kupe, L., Schanz, F., Bachofen, R. (2008). Biodiversity in the benthic diatom community in the
upper river Toss reflected in water quality indices. Clean Journal. 36(1), 84-91.
[16] Levkov, Z., Williams, D. (2012). Checklist of
diatom (Bacillariophyta) from Lake Ohrid and
Lake Prespa (Macedonia), and their watersheds.
Phytotaxa. 45(1), 76.
[17] Miho, A., Çullaj, A., Hasko, A., Lazo, P., Kupe,
L., Schanz, F., Brandl, H., Bachofen, R., Baraj,
B. (2005). Environmental state of some rivers of
Albanian Adriatic Lowland. Tirana University,
Faculty of Natural Sciences, Tirana 267 pp.
ISBN 99943-681-9-2. Gjendja mjedisore e disa
lumenjve të ultësirës Adriatike shqiptare.
http://www.fshn.edu.al/home/publikime-shkencore (In Albanian with a summary in English)
[18] Miho, A., Lange-Bertalot, H., Tase, D. (2004).
Annotated checklist on diatoms from Lake
Ohrid. BALWOIS Conference ‘Water Observation and Information System for Decision Support’ Ohrid, Ed. Ministry of Education and Science, Republic of Macedonia, 25-29 May
2004.(http://balwois.mpl.ird.fr/balwois/administration/full_paper/ffp-6o-002.pdf)
[19] ISO.(2004) Water Quality—Determination of
Phosphorus—Ammonium Molybdate Spectrometric Method; SIST EN ISO 6878:2004; ISO:
Geneva, Switzerland. p. 1-5.
[20] ISO. (1996) Water quality - Determination of nitrate - Part 1: 2,6-Dimethylphenol spectrometric
method; SIST ISO 7890-1. 1-5

over traditional chemical assessments. The composition and relative quantity of the diatom community
in waters depends on temperature, intensity of light,
physical-chemical features and seasonal variations;
but they respond significantly to changes in the concentration of organic and inorganic pollutants. Moreover, the diatom community is a good indicator to
respond changes in nutrient and to evaluate longterm changes in the ecosystem. The climate has influenced the community of diatoms and it is normal
to evaluate the status of the Lake one time per year.
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CADMIUM BIOACCUMULATION AND TRANSLOCATION
IN Brassica Napus L. AT FLOWERING AND
MATURATION: A CASE STUDY
Gabriella Rossi*, Silvia Socciarelli
Council for Agricultural Research and Economics, Research Center for Agriculture and Environment Rome (Italy),
via della Navicella 4, 00184 Roma, Italy

ination of soil has become an emerging environmental and health problem. This is due to its non-biodegradability, severe toxicity, and mobility in soil-plant
system and its subsequent accumulation in the food
chain. Some agricultural and industrial activities
were identified long ago as the main sources of the
wide dispersion of cadmium in the environment and
food. [1]. Phosphorus fertilizers contain cadmium
and they therefore represent a major source of Cd input in agricultural systems [2]. Plants will accumulate Cd from the soil and so the amount which will
be removed depends on a wide range of factors including soil Cd total and available concentration, the
soil’s chemical, physical and biological characteristics, agricultural management practices and crop genetics [3, 4]. The extent of Cd accumulation in edible
organs differs widely among crops [5, 6]. Extraction
of Cd from soil by DTPA is thought to give an estimate of bioavailable heavy metal in soil, either alkaline or neutral [7]. The bioavailable heavy metal
fraction, which is potentially assimilated by biota, is
of great interest in soil contamination studies because it is the environmentally most mobile [8, 9].
In the last decades great interest has also been
shown in the possibility of using phytoremediation
techniques to restore heavy metal-contaminated soil
[10]. Mourato showed that several studies highlighted the practical difficulties of using phytoextraction as a phytoremediation method for contaminated soil and that alternative techniques, like bioaccumulation or phytoimmobilization, might be more
effective remedial techniques [11]. The major challenges to the large-scale application of Cd phytoextraction are (a) how to further improve the efficiency
of Cd phytoextraction, (b) how to cut the overall
costs of Cd phytoextraction, and (c) how to get
greater stakeholders’ acceptance of Cd phytoextraction as a reliable option. [12,13]. The potential use of
Brassica species in phytoremediation stems from its
intrinsic tolerance to heavy metals and considerable
biomass production (for species of agronomic interest) [14, 15, 16].
The aims of this research were to evaluate the
ability of Brassica napus to tolerate high concentrations of cadmium in soil artificially over-polluted
with cadmium and to bioaccumulate and to stabilize
it in the roots or to translocate it into the shoots at

ABSTRACT
The aim of this work was to verify the existence
of a threshold effect in the capacity of Brassica
napus to bioaccumulate cadmium in roots in soil
artificially over-polluted with cadmium and to
translocate it to the shoots at flowering and
maturation. The cadmium effects on biomass
production, on cadmium uptake and on
morphological parameters were also investigated
and the bioconcentration factor (BCF) and the
translocation factor (TF) were also elaborated. Pot
experiment was carried out in controlled conditions.
The soil was contaminated with two concentrations
of cadmium (50 and 100 mg kg-1 soil) administered
to soil as cadmium sulphate. Plants were collected at
flowering and maturation. The cadmium
concentration of the plant and soil was determined
after acid digestion by Inductively Coupled Plasma
(ICP). Cadmium uptake was calculated for each
growth stage. The results showed that the B. napus
tolerate and bioaccumulate cadmium during the
entire life cycle without a threshold effect but the
behaviour of cadmium in plants was different in
flowering and maturation. The higher cadmium
removal by shoots was found at flowering while, at
maturation, the oilseed rape seems to be more active
in bioaccumulating cadmium in roots. Positive linear
correlation coefficient was found between cadmium
in soil and shoot removals both for contamination
levels and for phenological stages.

KEYWORDS:
Soil contamination, cadmium bioavailability, cadmium
phytoextraction, cadmium bioaccumulation, Brassica napus, oilseed rape

INTRODUCTION
Potentially toxic elements (PTEs) in soil are
gradually arousing worldwide concern for their excessive concentrations and consequent high risks to
the agricultural system and human health. Cadmium
(Cd) is one of the most toxic PTEs, and Cd contam-
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after seeding) and maturation (harvesting time, 13
weeks after seeding). Four plants for each replicate
in each treatment were collected. Wet weight, maximum length (Lr), average diameter (Dr) of the roots
from the first internode radical and height of the
plants (Hp) were measured. In addition, only at flowering the leaf area (Al) and the average diameter (Dl)
were determined. Collected plants were separated
into: roots, stems and leaves (at flowering) and roots,
straw and seeds (at maturation). Vegetable samples
were cleaned thoroughly, oven dried at 60°C and
weighed to calculate the dry biomass production. For
each plant part, three subsamples were mineralised
in HNO3 [18]. Soil samples were air-dried, sieved to
<2 mm and analysed. Soil total cadmium was extracted by wet digestion with a HNO3-HClO4 mixture (2.5:1 ratio) at 140 °C for 40 hours. Soil bioavailable cadmium was extracted with a DTPA-TEA
solution (pH 7.3) in accordance with the Lindsay and
Norwell procedure [19]. Cadmium concentrations in
soil and plant samples were determined by Inductively Coupled Argon Plasma Spectroscopy (ICPOES). For each thesis and each phenological stage,
the mean values obtained in different soil contamination levels were compared with the Least Significance Differences Test (LSD) at a confidence level
of 95% to test significance (P≤0.05). The linear correlation coefficient between the soil cadmium concentrations, total and DTPA-extractable, vs. cadmium removals by shoot was elaborated.

two phenological states: flowering and maturation.
The cadmium effects on the morphological parameters (total length and mean diameter for the roots and
height for the shoots) and on the Brassica napus
productivity were also investigated.

MATERIALS AND METHODS
The study was carried out in controlled conditions (greenhouse) and Brassica napus L. cv. Sponsor was cultivated in pots (7.4 kg soil pot-1). The soil
was characterized according to the Official methods
of the Ministry of Agriculture (Italy) [17]. The main
physical-chemical characteristics of the soil utilized
were: pH 7.53; C.E.C. 18.4 cmol kg-1; texture (ISSS)
SL; total C 28.2 g kg-1, O. M. 48.5 g kg-1; total N
0.98 g kg-1; total P 72.0 mg kg-1. The soil was mixed
with cadmium sulphate at two rates (50 and 100 mg
Cd kg-1 soil). The experimental design was: control
soil (T); control soil + cadmium at a concentration of
50 mg kg-1 soil d.w. (Cd50); control soil + cadmium
at a concentration of 100 mg kg-1 soil d.w. (Cd100).
The Brassica napus was sown after 30 days
(equilibration time). The trial was performed in a
completely randomized block design; three replicates were set up for each thesis and nine pots were
prepared for each phenological stage: flowering and
maturation. Plant and soil samples were collected at
the same time from each pot at flowering (8 weeks

TABLE 1
Cadmium concentration (total and bioavailable forms) in soil (mg kg-1d.w.) and percentage ratio bioavailable to total at flowering and maturation
Flowering
Total-Cd
Bioavailable-Cd
% Bio/Tot
T
1.10 c
0.17 c
15
Cd50
46.50 b
36.87 b
79
Cd100
94.93
67.15 ab
71
Maturation
Total-Cd
Bioavailable-Cd
% Bio/Tot
T
n.d.
n.d.
n.d.
Cd50
45.86 b
35.57 b
77
95.93 a
70.47 a
73
Cd100
Different letters indicate significant differences at P≤0.05 (LSD test), n=12.
Statistical comparisons are independent for each crop stage. Values not detectable = n.d.

TABLE 2
Cadmium concentration in Brassica napus at flowering and maturation (mg·kg -1)
roots
stems
leaves
Flowering
T
n.d.
n.d.
n.d.
Cd50
13.65 b
6.32 c
14.66 b
Cd100
23.64 a
11.12 c
20.61 a
roots
straw
seeds
Maturation
T
n.d.
n.d.
n.d.
Cd50
32.50 b
7.58 d
n.d.
Cd100
63.50 a
12.67 c
2.33 e
Different letters indicate significant differences at P≤0.05 (LSD test), n=12. Statistical comparisons are independent for each
crop stage. Values not detectable = n.d.
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TABLE 3
TF and BCF of Cd in Brassica napus at flowering and maturation
BCF (Cdplant/Cdtotal soil)
BCF (Cdplant/Cdbioavailable soil)
Flowering
TF
Cd50
1.5
0.7
0.9
Cd100
1.3
0.6
0.8
Maturation
TF
BCF
BCF
Cd50
0.2
0.9
1.1
Cd100
0.2
0.8
1.1
TABLE 4
Biomass production of Brassica napus (g·plant-1 d. w.)
roots
shoots
Flowering
T
0.35 c
5.34 a
Cd50
0.50 a
4.93 b
Cd100
0.42 b
4.70 c
roots
shoots
Maturation
T
1.08 a
6.54 a
Cd50
1.22 a
5.98 a
Cd100
1.08 a
5.71 a
Different letters indicate significant differences at P≤0.05 (LSD test), n=12.
Statistical comparisons are independent for each crop stage and for roots and for shoots.

TABLE 5
Cadmium removal by Brassica napus at flowering and maturation (mg·plant -1d.w.)
roots
shoots
Flowering
T
n.d.
n.d.
Cd50
6.75 c
55.90 b
Cd100
9.81 c
79.75 a
roots
shoots
Maturation
T
n.d.
n.d.
Cd50
39.65 b
40.96 b
Cd100
68.58 a
64.90 a
Different letters indicate significant differences at P≤0.05 (LSD test), n=12.
Statistical comparisons are independent for each crop stage. Values not detectable = n.d.

TABLE 6
Linear correlation coefficient
Flowering
Soil Total conc. vs. shoots removals
0.9895
Soil DTPA conc. vs. shoots removals
0.9962

Maturation
0.9871
0.9884

TABLE 7
Morphological parameters (cm): H p = plants height; Lr = roots max length; Dr = roots average diameter;
Al = leaf area; Dl = leaf average diameter
Hp
Lr
Dr
Flowering
T
101.88 a
11.28 a
0.26 a
Cd50
108.87 a
10.95 a
0.23 a
Cd100
110.85 a
9.58 a
0.23 a
Lr
Dr
Hp
Maturation
T
128.46 a
14.87 a
0.61 a
Cd50
136.08 a
14.58 a
0.65 a
Cd100
139.67 a
13.76 a
0.60 a
2
D
Flowering-Leaves
l
Al (cm )
T
Cd50
Cd100

67.78 a
62.75 a
57.18 a

10.06 a
9.64 a
9.55 a

Different letters indicate significant differences at P≤0.05 (LSD test), n=12.
Statistical comparisons are independent for each crop stage and for each morphological parameter
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potential for bioaccumulation [22, 23]. At flowering,
the results showed a TF>1 and BCF close to 1
suggesting that at flowering, the Brassica napus
have the potential for phytoextraction. At
maturation, the values of TF <1 and BCF – close to
1 – allows us to assume that the Brassica napus is
more able to bioaccumulate cadmium in roots. It has
been highlighted that the BCF elaborated, using the
bioavailable cadmium concentration in soil, showed
values closer to 1 both at flowering and maturation
in respect to BCF elaborated using total cadmium
concentration in soil. This result highlighted the fact
that the fraction bioavailable of heavy metals in soil
should be evaluated in assessing the applicability of
phytoremediation strategies on contaminated soils.
Table 4 shows the dry biomass production of roots
and shoots at flowering and maturation; the statistical analysis was performed independently for roots
and for shoots to evaluate the effects of high concentrations of cadmium on plant productivity. In both
phenological stages, the highest production of plant
biomass was for shoots. At flowering, the high cadmium concentrations in the plants seem to have a
negative effect on the production of dry matter in the
shoots, with a dose effect. In fact, the values were
significantly different in all these with T> Cd50 >
Cd100. At maturation, the biomass production evaluated for roots and for shoots did not show significant
differences between the theses. Cadmium removal
from soil was calculated by multiplying cadmium
concentrations in plants by dry biomass production
(Table 5). In T, cadmium removals are not reported
because the concentrations of cadmium in T were not
detectable (Table 2). The results showed that in contaminated soil the greater cadmium quantities phytoextracted by shoots were determined at flowering. At
maturation, the cadmium removals were almost
equally distributed between roots and shoots in Cd 50
and Cd100 with Cd100 > Cd50. Positive linear correlation coefficient was found between cadmium concentration in soil and shoot removals (Table 6). The
values of the correlation coefficients between the total or DTPA-extractable cadmium concentrations in
the soil and the cadmium quantities removed from
the shoots, elaborated for each phenological stage,
were always higher than 0.9. These results show that
the cadmium phytoextracted by B. napus is positively related to total or bioavailable cadmium concentration in the soil, confirming the observations of
Kabata-Pendias [24]. The statistical analysis was
performed independently for each morphological parameters to evaluate the effects of high concentrations of cadmium on the development of the plant
(Table 7). Despite the high concentrations of cadmium in the soil and in plant tissues, significant differences in plants’ morphological parameters were
not highlighted at flowering and maturation. However, a tendency to a lesser growth in the length of
the roots (Lr) in both phenological states and in leaf
area (Al) and leaf average diameter (Dl) at flowering

The bioconcentration factor (BCF) defined as
ratio of the metal concentration in a plant to that in
soil [20], and the translocation factor (TF) defined as
ratio of the metal concentration in the shoots to that
in the roots [21], were also processed.

RESULTS AND DISCUSSION
Table 1 shows the cadmium concentrations analysed in the soil in both total and bioavailable form
and the percentage ratio between the bioavailable
and total form. In uncontaminated soil (T) the percentage ratio is equal to 15 at flowering, while in
Cd50 and Cd100 this ratio is over 70% both at flowering and maturation. This suggests that in cadmiumpolluted soils there could be a high concentration of
this PTE in an environmentally more mobile form.
In Table 2 the concentrations of cadmium in plants
are reported. In control T, the values of cadmium
were below the limit of detection. In the artificially
contaminated pots (Cd50; Cd100), the cadmium concentrations in roots and shoots showed differences
for both contamination levels and phenological
stage. Cadmium was detected in roots, stems and
leaves (or roots, straw and seeds) at each phenological stage, without a threshold effect between two levels of contamination and Cd100 showed concentrations significantly greater than Cd50. At flowering, in
Cd100, B. napus showed cadmium concentrations significantly higher than Cd50; in fact plant bio-accumulates 34.63 mg kg-1 of cadmium in Cd50 and 55.37
mg kg-1 of cadmium in Cd100. The higher values were
detected in the shoots (stems + leaves) for both, Cd 50
and Cd100 (about 61% and 57% respectively) than in
the roots (about 39% and 43%). At maturation, the
oilseed rape bio-accumulates 40.0 mg kg-1 of cadmium in Cd50 and 78.5 mg kg-1 of cadmium in Cd100.
In contaminated pots about 81% of cadmium was
found in the roots with the highest values in Cd 100
while in the seeds the Cd presence was detected only
in Cd100. Two indicators were used to determine the
capacity
of
B.napus
in
heavy
metal
phytoremediation from contaminated soil: the
bioconcentration factor (BCF) and the translocation
factor (TF). The BCF is defined as the ratio of the
metal concentration in a plant to that in soil and is
elaborated to illustrate the heavy metal accumulation
efficiency in the plant. The TF is defined as the ratio
of the metal concentration in the shoots to that in the
roots and is used to evaluate the effectiveness of a
plant in translocating the heavy metal from roots to
shoots. The TF and BCF were elaborated for both
contamination levels and the phenological stage
(Table 3). It is clearly shown that both total and
bioavailable concentrations of cadmium in soil have
been used in elaborating BCF (Table 3). Some
authors report that plants with both TF and BCF >1
have the potential to be used in phytoextraction.
Besides, plants with BCF>1 and TF<1 have the
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[5] Hladun, K.R., Parker, D.R., Trumble, J.T.J.
(2015) Cadmium, copper, and lead accumulation and bioconcentration in the vegetative and
reproductive organs of Raphanus sativus: implications for plant performance and pollination.
Chem. Ecol. Apr. 41(4), 386-95.
[6] Palutoglu, M., Akgul, B., Suyarko, V., Yakovenko, M., Kryuchenko, N., Sasmaz, A. (2018)
Phytoremediation of Cadmium by Native Plants
Grown on Mining Soil. Bulletin of Environmental Contamination and Toxicology. 100, 293–
297.
[7] Mohseni, A., Reyhanitabar, A., Najafi, N.,
Oustan, S., Bazargan, K. (2018) Kinetics of
DTPA extraction of Zn, Pb, and Cd from contaminated calcareous soils amended with sewage sludge. Arab. J. Geosci. 11, 384.
[8] Rossi, G., Beni, C. (2018) Effects of MediumTerm Amendment with Diversely Processed
Sewage Sludge on Soil Humification—Mineralization Processes and on Cu, Pb, Ni, and Zn Bioavailability. Plants. 7(1), 16.
[9] Angelova, V.R., Ivanova, R.V., Jivko, M., Todorov, J.V., Ivanov, K.I. (2010). Lead, cadmium,
zinc and copper bioavailability in the soil-plantanimal system in a polluted area. The Scientific
World Journal. 10, 273-285
[10] Nedjimi, B. (2021) Phytoremediation: a sustainable environmental technology for heavy metals
decontamination. S.N. Appl. Sci. 3, 286.
[11] Mourato, M.P., Moreira, I.N., Leitão, I., Pinto,
F.R., Sales, J.R., and Martins, L.L. (2015) Effect
of Heavy Metals in Plants of the Genus Brassica. Int. J. Mol. Sci. 16(8), 17975–17998. Published online 2015 Aug 4.
[12] Li, J.T., Baker, A.J.M., Ye, Z.H., Wang, H.B.
and Shu1, W.S. (2012) Phytoextraction of CdContaminated Soils: Current Status and Future
Challenges. Critical Reviews in Environmental
Science and Technology. 42(20), 2113–2152.
ISSN: 1064-3389.
[13] Xu, Y., Feng, J., Li, H. (2021) Water management increased rhizosphere redox potential and
decreased Cd uptake in a low-Cd rice cultivar
but decreased redox potential and increased Cd
uptake in a high-Cd rice cultivar under intercropping. Science of The Total Environment.
751, 141701. ISSN 0048-9697.
[14] Rossi, G., Figliolia, A., Socciarelli, S., Pennelli,
B. (2002) Capability of Brassica napus to accumulate cadmium, zinc and copper from soil.
Acta Biotechnol. 22(1-2), 133-140
[15] Naser, A.A., Umar, S., Iqbal, M. (2014) Assessment of cadmium accumulation, toxicity, and
tolerance in Brassicaceae and Fabaceae plantsimplications for phytoremediation. Environ.
Sci. Pollut. Res. 21, 10286–10293.

was underlined in respect to not contaminated pots
(T).

CONCLUSION
These results showed that Brassica napus has a
high ability to tolerate and bioaccumulate cadmium
from the soil and has a potential in phytoremediation
in highly-cadmium contaminated soil, depending on
the level of contamination and the stage of cultivation. Furthermore, the B. napus did not show a
threshold-effect in this case study. These features
could make this crop capable of being used on soils
with high levels of cadmium in innovative and ecosustainable techniques for controlling contaminants
in the soil-plant system as, for example, the development of phytoextractor–crop rotation systems or
physico-chemical technologies [25, 26, 27, 28]. Cultivation of contaminated areas with tolerant species
that could be used for energy production might be an
attractive solution for the economically correct use
of these land areas [29, 30].
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hulls and anchors [1,2]. Environmental impacts most
commonly associated with boating activity include
fuel emissions from boat motors, suspension of bottom sediments, decreased water transparency, shoreline erosion, destruction of fish spawning areas, and
loss of valuable fish and wildlife habitat [3]. In recent decades, research on the environmental effect of
boats and yachts marine engine has tended to concentrate on potential effects of oil spill, sewage, turbidity, noise, antifouling paints [4], and the resulting
destruction of wildlife [5], [6]. Seagrass or marine
vegetation loss has been attributed to anthropogenic
and natural disturbance [7].
Marine macroalgae and flowering plants are the
dominant organisms of the coastal zone [8] and their
structure [9, 10] conforms to physical factors in the
environment including the quantity and quality of
the light [11] and water current values [12, 13]. Inorganic nitrogen and phosphor can increase algae
growth which decreases light and oxygen in the water. However, Cyanophyta covered the seabed mud
surface of the sediment.
This paper presents an assessment of the effect
of boat and yacht activities on marine flora and the
marine ecological quality of tourist tour destination
in Phaselis Bay. The study examined the changes in
water quality and vegetation between 2008 and
2015.

ABSTRACT
Boats, yachts and daily tours can damage
marine habitat with their hulls and anchors. In last
decades, research on the environmental effect of
boats and yachts marine engine has tended to
concentrate on potential effects of oil spill, sewage,
turbidity, noisy, antifouling paints and disturbance to
wildlife. In Turkey, Beydağları Coastal National
Park that is one of the rare protected areas, hosting
both marine and terrestrial ecosystems, having
unique natural and cultural resources and values and
allowing a wide variety of recreational activities.
This paper presents assessment the effect boat and
yacht activities on marine flora and marine
ecological quality of touristic tour destination in
Phaselis bay. The study compared the changes in
water quality and vegetation between 2008 and
2015. Compared to the past, it was determined that
in sediment more damage occurred due to the
anchoring of dense yachts and daily tours. Anchor
movements caused the loss of sea grass and traces
left around it and an unhealthy appearance of the
seabed. Cover value decreased 1% in seaweed. After
the increase in the number of visitors in the sevenyear period, a 9-16-fold increase in nutrient elements
and oil-gress concentrations detected. The
ecological quality status is in good quality in regions
where visitors and yachts have low impact. In areas
with high yacht and visitor pressures, the ecological
status is bad.

MATERIALS AND METHODS
Study Area. Beydağları Coastal National Park,
located is one of the rare protected areas in Turkey,
hosts both marine and terrestrial ecosystems and encompasses unique natural and cultural resources and
values and allows a wide variety of recreational activities. In Phaselis Bay, 1000-1500 visitors arrive by
land and 800-1000 visitors arrive by sea for a total
daily average of 2200 visitors.
When the biodiversity of the area was evaluated, 126 genera and 152 plant taxa belonging to 38
families were identified, 28 of which were endemic.

KEYWORDS:
Recreational boating, Ecological Water Quality, Ecological Status, Seagrass, Anchoring, Phaselis, Mediteranean

INTRODUCTION
Tourism brings millions of boaters, snorkelers,
and scuba divers into direct contact with the coastal
bay and the coastal ecosystems. Boats, yachts, and
daily tours can damage the seagrass habitat with their
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ecological conditions (very good, good, medium,
poor, bad) defined in the models developed by
Orfanidis et al. were used to determine the EU ecological status.

Among the terrestrial vertebrates, 35 species, including amphibians and reptiles, were identified, and, of
these, Caretta caretta is under threat, and Lyciasalamandra billae is in the endangered species
Physical-chemical Analysis: Seawater samples were taken from three stations in August 2008
and August 2015 in Phaselis Bay. Chemical analyzes
were performed according to standard methods [14].
In the determination of sea water quality, the levels
of inorganic nitrogen NOx (NO3- +NO2-), total phosphor (TP), oil and grease, biochemical oxygen demand (BOİ5), total suspended solid (TSS), and other
physico-chemicals parameters were obtained. Physical and biochemical measurements (dissolved oxygen, dissolved oxygen saturation, pH, total dissolved
solids (TDS), salinity, and temperature) were measured onsite with the Palintest Macro-900 Water
Quality System. Boats and the number of visitors
was observed with binoculars on a daily basis and
recorded.

FIGURE 1
Map of sampling sites.
RESULTS AND DISCUSSION

Benthic Macroflora Sampling and Biological Analysis: Macroalgae and seagrass samples
were taken from 15 points in a total pf four stations
in Phaselis Bay (Figure 1) between 1 July and 30
September 2015. Sampling was conducted in the
form of scanning the bottom using SCUBA divers.
Quadrat sampling (20x20 cm) and the photo-quadrature method were applied [15]. Subsequently, determination of species was performed using an Olympus brand SZX16 model stereo zoom and BX51
model binocular light microscopes.

The oil-grease concentration was only
measured in 2015 and was 16 times higher in the
autumn than in the winter. The organic pollution
increased during the tourism season while it reduced
during the winter season. Increased TSS
concentration and BOD5 concentrations in the
summer indicate organic matter input in the
environment. Illegal wastewater discharges from
boats/yachts and the deep-sea discharges of
treatment plants show the human effect on the field
and indicate that TSS is mostly organic matter. Over
the past seven years, the increase in inorganic
nitrogen and phosphate was expected to support an
increase in primary production. However, the results
showed that it supported the reproduction of
microalgae and cyanobacteria, not macroalgae.

Ecological Status Assessment: In Water
Framework Directive 2000/60 EC and the Regulation on Surface Water Quality Criteria published in
Official Gazette in Turkey No. 29797, Annex 5, Table 3 was taken into consideration for Aegean Mediterranean coastal waters [16]. To determine the ecological situation using benthic macro flora [15], five

TABLE 1
In Summer season, sea water quality parameters results in Phaselis bay.
PARAMETERS
2008
2015
St.1
St.2
St.3
St.1
St.2
NO3--N (μgl-1)
0,069
0,107
0,093
5,04
4,56
PO43--P (μgl-1)
< 0,03
0,081
< 0,03
0,60
0,73
BOI5 (mgl-1)
1,55
1,40
1,25
2,10
0,54
Chl a (μgl-1)
0,47
0,40
0,27
2,6
1,45
TSS (mgl-1)
3,26
3,35
3,95
1,82
2,04
6,16
6,03
6,24
6,87
6,94
D.O (mgl-1)
D.O (%)
94,65
93,70
95,45
98,3
100,5
pH
ND
ND
ND
8,29
8,26
TDS (mgl-1)
ND
ND
ND
17,6
17,7
Salinity (‰, * PSU)
39,35
39,35
39,4
18,5*
18,6*
Temperature (ºC)
29,5
29,6
29,6
29,2
29,9
Oil and Grease (mgl-1)
2,06
* Measured as PSU (Practical Salinity Unit) with a water quality measurement device in 2015
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St.3
4,44
0,70
1,26
0,86
1,94
7,09
102,1
8,30
17,4
18,7*
29,5
1,99
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conditions (very good, good, medium, poor, very
poor) defined in models developed by Sfriso &
Facca (2010) and [13] Orfanidis et al. (Figure 2).
Ecological quality assessment, Surface Water
Quality Criteria Regulations Annex 5 Table 2 were
taken into account for the classification given
Aegean Mediterranean coastal waters [16].
According to assessment of the coastal waters
receiving environment quality criteria included in
the Regulation in Turkey (2016-Annex 5, Table 3),
the sea water of Phaselis Bay was in the first class
(very good) ecological condition in terms of TP and
NOx concentrations. When evaluated in terms of the
dissolved oxygen concentration data obtained, Table
3 shows that the sea water is second class and its
ecological condition is good. In terms of oil-grease
and floating matter, it was determined to be fourth
class water. This situation can be explained by the
motor activity of the boats/yachts, the throwing of
food waste into the sea to feed the fish, and the
mixing of visitors' sunscreen with the sea water. In a
European-scale coastal water situation assessment
and pressures report [19], 40% of coastal waters
were reported to be in good or very ecological
condition. The results of a chemical status
assessment of the surface waters were reported to be
38% good, 46% not reaching a good condition, and
16% unknown. Atmospheric accumulation and
urban wastewater discharges from wastewater
treatment plants were reported as obstacles to
achieving good chemical surface water quality.

Benthic Macroflora and a Biological
Analysis. We attempted to determine the distribution
of benthic macroflora individuals, facies structures,
and factors affecting them. A total of 18 taxa species
and subspecies were identified, including five from
red algae (Rhodophyta), five from brown algae
(Heterokontophyta), six from green algae (Chlorophyta), and two from sea meadows (Tracheophyta).
A total of five exotic species, one belonging to
the seagrass meadows (H. stipulace) and four
belonging to macroalgae (C. prolifera, C. racemosa,
lamourouxii f. requienii, C. taxifolia, distichophylla,
and S. schimperi) were identified in the study area.
One of the factors threatening marine biodiversity in
the world is the transport of alien species [15]. Due
to the opening of the Suez Canal, the species called
"Lesepsian immigrants" started to rapidly expand
their distribution areas by entering the
Mediterranean via the Indian Ocean and the Red Sea.
The anchors of boats and bilge and ballast waters are
important factors in the transport of these alien
species between regions. The best example to
illustrate the change of invasive algae and benthic
community structures is the Caulerpa species of
tropical origin that caused alarm in the
Mediterranean [17]. The coverage values of the
Caulerpa species distributed in the study area are
low, but their population dynamics should still be
monitored. A total of five species, three species
belonging to macroalgae (C. foeniculacea f.
tenuiramosa, C. spinosa, S. acinarium) and two
species belonging to sea meadows (C. nodosa ve H.
stipulace) were identified among the species taken
under protection in the Mediterranean according to
the Bern and Barcelona conventions in the research
area.
In addition, benthic mucilagens have a dense
sediment accumulation at the bottom of the region
and areas covered with cyanobacteria colonies with
black colored mud are observed in a number of
places (Figures 3 g and h). Cymodocea nodosa
(Ucria) (Ascherson, 1870) and Halophila stipulacea
(Forsskål) (Ascherson in Anon., 1867) are among the
marine flowering plants that show a low distribution
area with a covering value not exceeding 1%. C.
nodosa individuals are distributed as a single shoot,
and 80-90% of these single shoots were found to
derive from a germinated seed (Figure 3 c, d); H.
stipulacea members were observed to produce weak
shoots consisting of very thin and very small leaves
(Figure 3 e).

TABLE 2
Boundaries and colour codes for the different
levels of ecological status. ( E.U. 2000/60/EC)
Class
Ecological status
Color code
Class1
Very good
Blue
Class 2
Good
Green
Class 3
Medium
Yellow
Red
Class 4
Poor
Macroflora Ecological Quality Assessment.
The P1 and P6 stations encompass a rocky bottom
structure that surrounds and limits the bays. The
ecological quality status of the rocky regions was
determined as good (Figure 2). In these regions, E.
elongata, C. foeniculacea f. tenuiramosa, C.
spinosa, and S. acinarium were observed. In the
Phaselis Bay region, the ecological situation at the
P2, P3, and P4 stations was determined to be “weak”
(Figure 2). It was observed that bottom structure was
mud at Stations P2, P3, and P4 in the Phaselis Bay
region. In these regions, the distribution of seagrass
was almost non-existent, and, in addition, the
formation of Cyanobacteria was observed. The
conclusion was that the bottom is about to lose its
suitability for the survival of marine macro flora in
some places.

Ecological Status Assessment. The surface
water ecological status of coastal waters was
evaluated in terms of general chemical and
physicochemical
parameters
according
to
environment quality criteria in Turkey [16] and the
EU Water Framework 2000/60/EC, given in Table 2
[19]. The ecological status of the Phaselis Bay
stations were evaluated according to five ecological
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Ecological Quality Status

TABLE 3
Ecological status assessment according to coastal waters receiving environment quality criteria in Phaselis
2008
2015
ST1
ST2
ST3
ST1
ST2
ST3
D.O (mgl-1)
6,16
6,03
6,24
6,87
6,94
7,09
NOx (μgl-1)
0,06
0,10
0,09
5,00
4,56
4,44
TP ((μgl-1)
0,02
0,02
0,01
1,22
0,67
0,97
Oil and Gress (mgl-1)
..
..
..
..
2,06
1,99
oil layer floating on the sea surFloating substance
face

5
4
3
2

1
0
1

2

3

4

5

1

2008
Bad

Poor

2

3

4

5

2015
Moderate

Good

High

FIGURE 2
Change in ecological status at five stations monitored between 2008-2015

a

b

c

d

e

f

h



g

FIGURE 3
Soft bottom sea grass, Cymodocea nodosa in 2008
(a), yacht anchoring (b), broken seagrass parts due to yacht anchors (c) in 2008 year, disappearing seagrass in 2015 (d), C.
nodosa members and germinated seeds (e), fired oil-grease from yacht (f), cyanobacteria colony (g) and (h), and benthic
mucilage (i).
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Environmental Impact Assessment. Human
impact is concentrated in Coastal Station BOD5, and
TSS and oil-grease concentrations are high in the
summer and low in the winter. The organic pollution
that increased because of tourism is reduced during
the winter season. In particular, in summer, oilgrease concentrations were found to be16 times
higher than in other seasons (Table 3 and Figure 3f).
At the same time, in terms of the distribution of
seagrass in the bay compared to 2008 data (Figure
3a, 3b, 3c), it is clear that more damage has occurred
due to the intensive anchoring of yachts and daily
tours. Anchor tracks in places where the
disappearance of sea grass was observed created an
unhealthy image of the bed (Figure 3d, 3e).
While in 2008 C. nodosa covered almost 65%
of the sediment, in 2015 the hiding value had
dropped to about 1%. Although it was predicted in
2008 that the anchors of the boats will affect the
spread of this species and even cause it to disappear,
it is promising to see new exiles as a result of the
research. Fanerogams generally choose sandy bays
as their habitat, and these are the habitats most
affected by tourism activities. Due to their sensitivity
to the changes in the littoral zone [20], seagrass
meadows are used as biological indicators and
considered indicators of the health status of
ecosystems [21] The mechanical effects of these
anchors vary according to the type and size of the
anchors [22, 23]. It is extremely important to develop
appropriate management and monitoring procedures
to eliminate the damage caused by such activities.
Global warming and the increase in organic
input has caused the rapid increase in benthic
mucilagens, mostly consisting of diatom and
cyanobacteria
colonies.
The
increase
in
Cyanobacteria diversity and density in a region is a
biological indicator of a change in water quality and
indicates the presence of high levels of phosphorus,
nitrogen, iron, organic carbon, etc. in the region [24].
Cyanobacteria colonies seen in areas with high
organic pollution form a thick, opaque cover on the
substrate where they are located by holding
suspended particles [25] (Figure 3a,3b).

Fresenius Environmental Bulletin

attaches importance to ecological tourism (service)
values as well as strictly controlled legal legislation
and prohibition of access to ecological valuable
environments.
Massive influxes of tourist to relatively small
area of Phaselis Bay have had an important impact
on water quality and sea grass. The number of boats
coming to the bay on a daily basis was 71 yachts with
1892 visitors in 2008; in 2015, the number of
boat/yachts was 49 and the daily number of visitors
was 2259. It was calculated that there has been an
increase of 20.6% in the number of visitors over the
course of seven years.
It is also understood from the differences in the
quality of sea water in our data in summer and winter
months that the entry of organic material into the sea
water may be the result of yacht and visitor activities
in protected areas outside the settlement area which
are only open to daily visits. Mapping the seagrass
areas for our seas and declaring these areas marine
protected areas is essential for preserving
biodiversity and maintaining marine ecosystem
health. Specifically, there is an urgent need for
planning regarding such issues as only connecting
daily yachts to pontoons not on sea meadows with a
covering value of 1% or establishing an ecological
anchorage system. It is recommended that daily boat
visits to the work site, which is of ecological and
historical importance, should be limited in
consideration of the carrying capacity of the area.
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ASSESSMENT OF WATER QUALITY EVALUATION
PERFORMANCE OF GEOSTATISTICAL TECHNIQUES
Firdes Yenilmez*
Akdeniz University, Engineering Faculty, Department of Environmental Engineering, 07058 Antalya, Turkey

protected and well managed. Surface waters play a
critical role as transportation media, potable water,
and recreational area [1]. Nevertheless, several
activities like uncontrolled agriculture, climate
change, wastewater discharges adversely affect the
quality of surface waters. Limited water resources
and cost of field studies force scientists to find new
approaches to evaluate the water quality of surface
waters. The assessment of water quality in
unmeasured locations using known values reduce
the time and cost of field studies. Geostatistical tools
are helpful to evaluate the water quality and impacts
of the mentioned activities. Numerous studies have
been carried out to assess water quality change of
surface waters within time and space through
geostatistical tools [2, 3, 4, 5, 6, 7]. Some researchers
tried to determine the most accurate spatial
interpolation technique for their studies [8, 9].
Limited number of them focused on the performance
of different interpolation methods for assessment of
temporal-spatial distribution of water quality
parameters [10, 11]. Sampling intensity, sampling
frequency, methods used to evaluate interested water
quality parameters varies greatly in each study. The
performance of the methods affects the water quality
values calculated in the unmeasured locations.
Therefore, selection of the suitable method for being
studied system is critical for correct results. These
types of studies are beneficial not only for producing
data at unsampled location and evaluating the spatial
and temporal change but also design of optimal
water quality monitoring networks and making good
management decisions.
This study aims to assess the prediction
performance of the statistical Ordinary Kriging
method and the non-statistical IDW method for
water quality parameters of the Karacaören-II Dam
Lake based on error metrics. Furthermore, the
seasonal-spatial distribution of dissolved oxygen
(DO), nitrate nitrogen (NO3-N) and secchi depth
(SD) in Karacaören-II Dam Lake was evaluated to
detect the problematic areas with higher/lower water
quality concentrations than limit values. Secchi
depth, dissolved oxygen and nitrate nitrogen are
good indices of productivity and water quality in
lakes and reservoirs. These parameters are
commonly utilized in the determination of trophic
status in lakes and reservoirs. If there are constrains
in time and budget of the research, the evaluation of

ABSTRACT
Karacaören-II Dam Lake is a relatively deep
reservoir located in Burdur, Turkey. It is one of the
most important natural recreational and culture
fishing area in the region. Although the lake has been
constructed for irrigation and supply energy in the
past, it is considered as a drinking water supply for
Antalya in near future. However, it was mentioned
that the lake suffers from eutrophication problem in
recent scientific studies. So, the evaluation of water
quality in the lake with different geostatistical
techniques will facilitate the work of the managers
to determine precautions and improve the water
quality.
In this study, water quality measurements were
performed at 22 sampling locations in Karacaören-II
Dam Lake. Field works were carried out in
November 2015 and August 2016. Firstly, spatial
distribution maps of SD, DO and NO3-N were
constituted using non-statistical Inverse Distance
Weighted (IDW) and the statistical Ordinary Kriging
(OK) interpolation methods within geostatistical
analyst tool of ArcGIS program. Then, seasonal
changes of the distributions were evaluated. Error
metrics obtained from cross-validation was used to
assess correctness of the interpolation methods. The
results showed that both methods were effective in
the identification of problematic zones. Higher SD
and relatively lower DO values were clustered near
outlet of the lake. DO was more sensitive to
microscale variations. Although different methods
were superior when different parameters, error
metrics and seasons considered, most of the time OK
method outperformed IDW.

KEYWORDS:
Interpolation methods, IDW, Ordinary Kriging, spatial
distribution, water quality

INTRODUCTION
The scarcity of water will continue to increase
in future as the population grows. Furthermore,
climate change also stimulates the increase.
Therefore, the present and potential water resources
like ground water and surface water should be

8423

© by PSP

Volume 31– No. 08A/2022 pages 8423-8430

Fresenius Environmental Bulletin

measurements conducted at sampling points closer
than the range are spatially autocorrelated,
measurements farther apart than the range are not.
Variogram model parameters (nugget, partial sill and
others) are optimized using cross validation with
focus on the estimations. Variogram model is so
important to make accurate kriging estimations
possible through OK method (Equation 1). Kriging
includes a variety least-squares spatial prediction
methods like simple, ordinary, universal, lognormal,
indicator,
factorial,
disjunctive,
Bayesian,
probability and ordinary co-kriging. The most
popular and powerful method among these methods
is OK [14, 15]. OK can create a prediction surface
for any measurable parameter using a weighted
linear combination of measured data to estimate the
values at unmeasured locations. The average is
assumed as unknown and constant over the study
area in OK. The total of the weights of measured data
which will be used in the estimation must be 1 to
satisfy unbiasedness. Therefore, systematic error
will be disabled from the estimations. Moreover, OK
reduces the variance of estimation error. The
equation of OK estimator is given as:

these parameters with geostatistical tools can be an
easy and direct measure of trophic level of the
system. In this study, evaluation with geostatistical
tools will also provide an opportunity to determine
the problematic areas for water quality for different
seasons in the Karacaören-II Dam Lake.

MATERIALS AND METHODS
Study Area and Data Collection. KaracaörenII Dam Lake is sited within Burdur province, Turkey.
The lake is located on the geographic coordinates of
37o18’ N latitude and 30o48’ E longitude. It was built
on Aksu River to meet energy and irrigation need of
the vicinity between 1988 and 1993. While the
average depth of the reservoir is 20.5 m, the surface
area of the reservoir is 2.34 km2. It is 347 m above
from the sea-level [12]. The lake is a recreational
area, culture fishing area and possible future
drinking water supply of Antalya. So, conservation
and well management of the lake’s water quality is
quite important. In recent studies, the lake’s water
quality was mentioned as eutrophic state and fall into
Category A3. Category A3 indicates that water can
be potable after physical, chemical, advanced
treatment and disinfection are applied. Therefore, the
constitution of spatial distribution maps for
dissolved oxygen (DO), nitrate nitrogen (NO3-N),
turbidity and secchi depth (SD) will be beneficial for
the assessment of the present water quality of the
lake for different seasons. For this purpose, DO,
NO3-N, turbidity and depth was measured at 22
sampling locations (Figure 2) in site using a
multiparameter water quality sonde (YSI 6600 EDS)
in November 2015 and August 2016. Secchi depth
measurements were made at the same locations
using a secchi disk [13].

*

Z ( xo )

N ( x0 )

¦ w ( x ) z( x )
i

o

i

(1)

i 1

Where Z*(xo) is the OK estimate at location x0,
and N(xo) is the number of data from the
neighborhood of (xo) used for the estimation. Z*(xo)
is obtained as a linear combination of known values
z (xi) [14, 16, 17, 18].
Inverse Distance Weighted (IDW). IDW is
one of the simplest and most common deterministic
interpolation techniques. It is a powerful tool to
estimate values in unsampled locations with a
weighted average of values in sampled locations. In
IDW, weighting factors are assigned proportional to
the inverse distance [19]. When a sampled location
is closer to the unsampled location, it will have the
more influence on the estimated value than farther
ones. Therefore, local influence of each sampled
location decreases with distance and estimation
surface is guided with local variation captured by the
neighborhood in IDW [20, 21].

Interpolation Methods. In this study, Inverse
Distance Weighted and Ordinary Kriging
interpolation methods within geostatistical analyst
tool of ArcGIS software were used to constitute
spatial distribution maps.
Ordinary Kriging (OK). Firstly, raw data is
analyzed, and histograms are constituted for each
data set. Then, trend analysis is performed, and
existing trends are removed before kriging analysis.
Following that experimental variogram is
constituted to depict spatial autocorrelation between
sampling points. Then a variogram model that gives
spatial correlation as a function of separation
distance and direction was fitted to the experimental
variogram by autocorrelation function of ArcGIS
software. In the modelled variogram, the distance
which the model levels out called as range. While

Thus, IDW interpolation can be written by
equation:
Ẑሺݏ ሻ ൌ σୀଵ ߣ ሺݏ ሻ 
(2)
Where Ẑ(so) is the value we are trying to predict for
location so. n is the number of measured sample
points surrounding the prediction location that will
be used in the prediction. λi are the weights assigned
to each measured point. The weights will decline
with distance. Z(si) is the observed value at the
location si [22].
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a

b

FIGURE 1
a) Trends for DO data belonging to November 2015 b) Variogram Model
m standard deviation in August 2016. There was a
1.22 m decrease in the average depth in August based
on November 2015. The mean DO concentrations in
November 2015 and August 2016 were 4.53 m and
9.22 m, respectively. This increase was attributed to
the increase of algal productivity in summer. The
decrease of average secchi depth value from 3.27 m
to 1.96 m and an increase of mean turbidity value
from 0.99 to 4.41 confirmed this statement. NO 3-N
showed relatively stable values for both sampling
time.
After the evaluation of data obtained from field
studies, trend analysis was conducted. The Figure 1a
was given as an example for trend analysis of DO in
November 2015. The locations and values of data
points were depicted in the figure. Trends in the
given directions were determined based on the shape
of the line. Decreasing U-shaped and linear line in
the Figure 1a showed the presence of strong trends
in both directions. Therefore, trends were removed
before ordinary kriging applied.
Following the trend removal, experimental
variograms were constituted and variograms models
were optimized. Variogram model for DO belonging
to November 2015 dataset was depicted in Figure 1b.
The range value was determined as 1819 m. This
means that sampling points closer than 1819 m are
spatially autocorrelated and spatial correlation are
lost after 1819 m. Nugget value, partial sill and sill
values are determined as 1.60, 2.72 and 4.32,

Evaluation. In the evaluation stage, the
estimated values are compared with the measured
values from cross-validation or validation. Then,
mean errors (ME) and root mean square errors
(RMSE) were used to assess the estimation
performance of interpolation methods at unsampled
locations. The maps obtained from interpolations
can be compared according to the success of the
methods to imitate local features by comparison with
original spatial pattern [14, 20, 23]. The summary
statistics used in this study are [14, 20]:
 ܧܯൌ

σ
సభ ሺ௦ ሻିሺ௦ ሻ

(3)


σ ሺሺ௦ ሻିሺ௦ ሻሻ

మ


ܴ ܧܵܯൌ ට సభ 
(4)

Where ME is the mean errors, Z(si) is the
estimated value from kriging, z(si) is the measured
value from validation, σ(si) is the prediction standard
error for location si, and n is the number of
observations [14, 20].

RESULTS AND DISCUSSION
In November 2015, depths measured at 22
sampling locations in Karacaören-II Dam Lake
ranged from 5.10 m to 35.92 m. While the mean
depth value in November 2015 was 18.09 m with an
8.48 m standard deviation, it is 16.87 m with an 8.56
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respectively. Nugget/Sill ratio is calculated as 0.37
which shows a moderate spatial correlation between
sampling points.
After variogram modelling, spatial distribution
maps were produced by Ordinary Kriging (OK) and
Inverse Distance Weighted (IDW) interpolation
methods within geostatistical analyst tool of ArcGIS
software. The maps produced for Dissolved Oxygen
(DO) through OK and IDW for November 2015 and
August 2016 were given in Figure 2. When IDWgenerated surface DO distribution for November
2015 was examined in Figure 2a, lowest DO
concentrations are observed in the inlet of Aksu
River to Karacaören-II Dam Lake (sampling
location17) and near to the outlet of the lake (shown
by red circles). Highest DO concentrations are
observed around middle of the lake (shown by black
circle). According to Surface Water Quality
Regulation, high quality water (Class I) should have
a DO value higher than 8 mg/L [24]. This quality of
water is more prone to be used for drinking, fish
farming, recreational activities, for animal
production and farming requirements [14]. DO
values within the zone shown by black circle
represent Class I quality. If DO is between 3-6 mg/L,
the water body represents polluted water (Class III)
characteristic. After adequate treatment, Class III
water can be utilized in fish farming, industries
except for industries that require quality water, such
as textiles and food. Water body with a DO value less
than 3 mg/L coincides to highly polluted water
(Class IV) [14]. According to the limit values given
in the regulation, zones within red circles are the
problematic zones in terms of DO and represent
Class III and Class IV properties in November 2015.
The water abstraction from these parts of the lake
may not be suitable for many purposes [13]. In
Figure 2a and Figure 2b, DO distribution map
obtained from IDW for November 2015 was also
compared with the map obtained by OK. It was seen
that IDW method did not show a smooth surface of
variation. It was punctuated by spikes at the
observation points. Gentile et al. (2013) mentioned
in their studies that a general property of
interpolation surfaces obtained via IDW is the
existence of spikes around observation points. The
reason behind this is the remarkable effect of isolated
points on the estimation in their neighborhood [25].
OK-generated interpolation surface showed a
smoother surface than that in IDW. Spikes observed
around k6 and k10 were not observed in OK
generated map. In Figure 2c and Figure 2d, IDWgenerated interpolation surface was so similar with
the OK generated surface DO in August 2016
exhibited higher values than 10 mg/L in the north
part of the lake. This can be attributed to
photosynthesis activity during the day due to high
algal productivity in summer.
According to Surface Water Quality
Regulation, a NO3-N value less than 3 mg/L
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coincides to Class I quality [24]. When prediction
surfaces given in Figure 3 were evaluated according
to this limit value, whole lake represented Class I
quality for NO3-N. While relatively higher NO3-N
concentrations were observed in the south in
November 2015, relatively higher concentrations
clustered in the North in August 2016. Sampling
location k1 exhibited high NO3-N concentrations for
both sampling time. Domestic wastewater
discharges from the village located in the south of
the lake may be the reason of this situation. There
was also obviously more nutrient entrance in August
2016 in the north (in the inlet of Aksu River to
Karacaören-II Dam Lake) with respect to that in
November 2015. However, the NO3-N concentration
on the average in November 2015 and in August
2016 showed relatively stable values with 0.47 mg/L
and 0.43 mg/L, respectively. Although IDW and OK
generated interpolation surfaces for NO3-N were so
similar, IDW was more successful in capturing local
details. Spikes are located around k11 & k12 in
November 2015 and around k8 & k9 & k12 in
August 2016. Especially isolated point k12 in IDW
generated interpolation surfaces had a noticeable
effect on the prediction in its neighborhood for both
seasons.
The secchi depth surfaces obtained from IDW
and OK for November 2015 were depicted in Figure
4. Predicted SD values ranged from 2.8 to 3.99 m in
November 2015 and from 1.33 to 2.22 in August
2016. Secchi disk values in summer are almost
halved compared to winter. This decrease was
attributed to the increase of algal productivity in
summer. Highest SD values were observed in the
south of the lake. Figure 4 showed that OK generated
too much smoothened interpolation surface with
respect to IDW for November 2015. This situation
caused the loss of local details in the prediction
surface for November 2015. However, clusters of SD
observed on the prediction surface obtained from
IDW were so similar with the OK for August 2016.
According to Eutrophication Criteria for Lakes and
Dam Reservoirs specified in Surface Water Quality
Regulation, the state of the lake was determined as
mesotrophic for both sampling period.
In addition to spatial distribution maps, the
error metrics obtained from cross-validation of
generated interpolation surfaces were examined. If a
model accurately estimates, RMSE will be as small
as possible and ME will be near to 0 [20]. When
Table 1 was investigated, it was seen that OK
produced lower ME and RMSE values in November
2015. But the results were not similar for August
2016. While MEs obtained from IDW were lower for
DO and SD, it was higher for NO3-N. Higher RMSE
values were observed for SD and NO3-N from IDW
using the same data. When the results given in Table
1 were evaluated for each water quality parameter,
error metric and season, different method comes into
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FIGURE 2
DO Spatial Distribution Maps: a)IDW method for November 2015 b)OK method for November 2015
c) IDW method for August 2016 d) OK method for August 2016
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FIGURE 3
NO3-N Spatial Distribution Maps using IDW Method (a) November 2015 b) August 2016)

FIGURE 4
SD Spatial Distribution Maps for November 2015 (a)IDW method b)OK method)
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TABLE 1
Error metrics obtained from cross-validation
Sampling Time

Parameter
DO

November 2015
(22 stations)

SD
NO3-N
DO

August 2016
(22 stations)

SD
NO3-N
DO

August 2016
(26 stations)

SD
NO3-N

Method
IDW
OK
IDW
OK
IDW
OK
IDW
OK
IDW
OK
IDW
OK
IDW
OK
IDW
OK
IDW
OK

ME
0.042
0.035
0.012
0.008
-0.0007
-0.0002
-0.006
0.027
0.010
0.013
-0.018
-0.005
-0.016
0.015
0.017
0.009
-0.0198
-0.0039

prominence. Therefore, the selection of appropriate
method by taking only error metrics into account
may not be adequate [14]. As a next step, four
sampling locations were added for August 2016
interpolation and error metrics were checked once
more. It was also realized that OK method
outperformed IDW method based on error metrics
for all examined parameters if number of sampling
locations were increased. It was obvious from the
results that the DO was more sensitive to microscale
variations in August 2016. This was expected in
eutrophic water bodies like Karacaören-II Dam
Lake.
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ABSTRACT
Thousands of chemical substances daily reach
the aquatic environment, mainly deriving from industrial, urban, and agricultural activity. Such chemical substances can form mixtures that are difficult
to detect with routine chemical analysis. Many of
them exhibit neuroactive properties and they are
considered an emerging issue for both human and
environmental health. The real impact of exposure to
neurotoxic contaminants on the ecosystem is not yet
well known but there is evidence that they can cause
important changes in organism behavior with a longterm impact on biodiversity and human health. Humans can be indirectly exposed to neurotoxicants for
example through ingestion of fishery products and
drinking waters. Neurotoxicity was identified as one
of the most emerging Modes of Action (MoAs) in
the aquatic environment. An improvement to bridge
the gap of knowledge in this sector is needed and
new standardized methods are required.
The aim of this study is to verify the feasibility of the Coiling Activity Test (CAT) with the
zebrafish embryo model applied on environmental
samples and chemical substances. Spontaneous
movements of the tail in embryos occurred earlier at
17 hours post-fertilization (hpf) originate from a single neural circuit and are influenced by contaminant
exposure. The count of bursts and their intensity are
important parameters of the neurotoxic effect and
specific software allows rapid measurement of them.
We applied the CAT on different environmental samples and chemical substances at different laboratory conditions in order to recommend a rapid,
cost-effective operating protocol for environmental
analysis. In parallel, we have carried out the 96 hours
Fish Embryo Acute Toxicity (FET) test (OECD,
236) to add more information on the samples and to
verify the sensibility between the two tests.
The spontaneous tail movement in zebrafish is
demonstrated to be a very powerful tool in eco-neurotoxicological studies as it provides in few hours
important screening information on the presence of
dangerous neurotoxic substances in the ecosystem.
This test could give also a valid contribution to implementing the regulatory guidelines for the identification of neurotoxic risks in the ecosystems.

INTRODUCTION
The number of neuroactive compounds released into the ecosystems has been increasing over
the past years, and there is, therefore, a growing interest in assessing the related potential risks for both
ecological and human health [1]. Indeed, many
chemical pollutants commonly exhibit neurotoxic
effects on a wide range of living organisms, including invertebrates [2], fish [3], birds [4], and humans
[5]. Legradi et al., in recent years, have prompted the
use of the term ‘environmental neurotoxicity’ when
referring to human exposure neurotoxicity [1]. It has
been estimated that up to 30% of all commercially
used chemicals may have neurotoxic potential,
around 30.000 chemicals in total. Moreover, the
chemicals in the environment can be present at low
concentrations, escaping the limits of instrumental
detectability, and can also form mixtures with unknown effects. In this context, the ecotoxicological
evaluation is a solid help in bridging the knowledge
gap together with the chemical analysis [6]. The
Joint Research Centre (JRC) of the European Commission (EU) has recently drawn up the third Technical Report [7] under the EU Water Framework Directive (WFD) [8]that includes a list of emerging
contaminants that are worthy of major attention to
establishing whether they have to be classified as
‘priority substances’ on the basis of a risk assessment
procedure that includes European exposure data.
Different substances listed in this Report, e.g. the antibiotic ciprofloxacin and the fungicide tebuconazole, are suspected to be neurotoxicants [9, 10].
With the aim to adequately address the need for
legal requirements on neurotoxic effects to be consistently in place to ensure that risks from simultaneous exposure to multiple chemicals are effectively
and systematically taken into account across chemicals-related policy areas. As it is currently not realistic nor economically feasible to specifically monitor,
assess and regulate an almost infinite number of possible combinations of chemicals, the scientific consensus is emerging that the detection of effects
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known for their neurotoxic potential for mammals
showed a similar mode of action (MoA) when tested
on zebrafish [25]. Selderslaghs et al. proposed the
new method for locomotor analysis in 2010 [26].
The larval activity was evaluated at consecutive ages
of 96, 120, 144, 168 and 192 hpf in 48-well plates
with the help of a camera paired to a tracking system.
In this case, behavioural tracking software was used
in order to evaluate the embryo activity. It has to be
noted that particular attention should be placed on
the selection of the plates, as several studies observed how embryos locomotor activity can be affected by the depth of the wells [27, 28].

through Effect Based Methods (EBMs) need to be
taken into account [11]. It is important to know
which are the real effects caused by the sum of the
chemical substances in the aquatic environment (including emerging pollutants, metabolites and transformation products) and to link the observed effects
with cost-effective management objectives. The report of the European Environmental Agency (EEA)
of 2018 clearly states that EBMs could represent
great support for the identification of effects caused
by mixtures of pollutants and not monitored substances [12].
To investigate the effects of chemical pollutants
with neurotoxic potential both in terms of ecological
and human health, the early life stages of animals
represent a powerful tool [1, 13]. In this framework,
fishes have proved extremely beneficial [14, 15]. Behavioural analyses, such as the study of locomotion,
have been proposed as critical in detecting potential
neuroactive effects [16]. Furthermore, the spontaneous tail coiling showed by the embryos of zebrafish
(Danio rerio) might represent another important
endpoint in neurotoxicity assessment [17]. This
method allows a very quick screening since it can be
performed within 24 hours [18].
In this study, we assessed the capability and reliability of the coiling activity test (CAT) based on
the spontaneous tail movements, i.e. coiling activity
test applied to zebrafish embryos in detecting potential neurotoxic effects in different environmental water samples. Specifically, we aimed to evaluate the
results provided by this promising method in combination with the Fish Embryo Acute toxicity (FET)
Test [19].

b. Acetylcholinesterase (AChE). Several
studies support the use of zebrafish as a screening
tool for neurotoxicity induced by chemicals on the
cholinergic system [20, 29-31]. The cholinergic system is associated with several cognitive functions
and cognitive processes. The concentration of Acetylcholine (ACh), the neurotransmitter involved in
the cholinergic system, are regulated by two different cholinesterases, acetylcholinesterase (AChE)
(E.C. 3.1.1.7) and butyrylcholinesterase (BuChE)
(E.C. 3.1.1.8) [31]. In this context, zebrafish is a useful and simple model for neurotoxic studies, as it has
a well-conserved amino acidic sequence for the
AChE gene [32]. Moreover, Butyrylcholinesterase is
not encoded in the zebrafish genome [30], so that it
only expresses acetylcholinesterase (AChE), without
any butyrylcholinesterase activity [29]. This is a useful characteristic as it makes the evaluation of the
AChE concentrations simpler [32, 33].
c. Lateral tail movements. Lateral tail movements represent the first spontaneous behaviour observed in zebrafish embryos; at 28.5°C this phenomenon starts at 17 hpf [34], while at 26°C its occurrence has been observed since 23 hpf [18]. The tail
coiling test, based on this principle, consists of the
evaluation of spontaneous tail coiling frequency in
zebrafish embryos, usually aged 24 to 26 hpf, as a
possible indicator of neurotoxicity [26]. Several
studies have been focused on this test in recent years
and thanks to its sensitivity, the coiling test is overall
considered a promising and efficient tool [25, 35]. It
has to be noted, however, that in some cases different
studies have been carried out at different temperatures, ranging from 26 °C [18] to 28.5°C [26] and
using different types of multi-well plates for exposure and observation, ranging from 96 wells [26] to
24 [18]. This lack of uniformity could in some cases
affect the results, and it has been observed that differences in temperature can modify the tail coiling
behaviour and occurrence [18]. For these reasons, a
more accurate method standardisation may probably
be required in the next coming years [18].

MAJOR NEUROTOXICITY
ENDPOINTS FOR ZEBRAFISH
In the last 15 years, zebrafish has been widely
used as a non-mammal vertebrate model for toxicology and drug research [20], and today it is considered a powerful and useful tool for neurotoxicity assessment [14, 21, 22]. In this perspective, different
endpoints have been proposed with the aim of investigating potential neurotoxicity in zebrafish embryos
and early larvae. Such endpoints require different
timing across zebrafish development depending on
the parameter to be used. However, all these analyses
must be concluded within 120 hours after egg fertilisation (hpf) [23, 24]. A summary of the main neurotoxicity endpoints for zebrafish is reported below.
a. Locomotor activity. Locomotor activity, i.e.
swimming behaviour, can be an important endpoint
in neurotoxicity detection in zebrafish, with responses in most cases comparable to locomotion
analysis in mammals: as in mammals, ethanoltreated zebrafish embryos showed altered locomotor
activity [14]. Moreover, many chemicals already
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Standard freshwater was used as a negative
control, while two positive control were needed as
hyperactivity and hypoactivity reference, respectively ethanol 1% and ethanol 5% (Figure 2). Two
different concentrations were selected since ethanol
causes hyperactivity at concentrations below 2% and
hypoactivity at concentrations above 4% [17].
Plates were finally incubated at 26±1°C in the
dark for a period of approximately 22 hours until the
embryos reached the 23 hpf stage.

MATERIALS AND METHODS
Proposal for an operational protocol of coiling activity test (CAT). The method proposed in
this study is based on the principle that the spontaneous activity of the embryo’s tail occurs at the highest
frequency at around 23 hpf [18]. Eggs are collected
and selected under a stereomicroscope in order to
keep only embryos at the stage between 16/32 cells,
as required also in the FET test [19].
The operational protocol is developed into three
steps:
a. Embryo selection and set up of the plates
b. Recording and video capture
c. Video analysis

b. Recording and video capture. The recording was made with a Basler acA1300-60gm camera
with a frame rate of 30 frames per second (fps) and
a resolution of 1024x768 pixels. Videos were then
analysed and the embryos tracked based on changes
in greyscale values of each pixel with DanioScope®
1.2 (Noldus). Therefore, for the tracking system to
work properly, high contrast between the eggs and
the surrounding environment should be ensured in
the recording process. The plate was left under the
stereomicroscope for 5 minutes before starting the
video acquisition. Each time we moved on to a new
well, we waited 30 seconds before starting the video
recording. If an embryo moves outside the frame
area, it can be gently repositioned: in that case, we
waited for another 15 seconds before restarting the
video recording for reducing biases. Each recording
lasted about 1 minute.

a. Embryo selection and set up of the plates.
The test was conducted in 24-well plates filled with
2 ml of test solution per well. With the aim to facilitate the video acquisitions, some modifications were
made to the test setup of the standardised FET test.
Indeed, to minimise light transmission interference
during image acquisition and to prevent the eggs
from moving inside the well, an inert plastic washer
was placed in the bottom middle of each well. The
washers have been obtained using an inert plastic
tube (PTFE), commonly used in aquariology, with
an internal diameter of 4 mm and an external diameter of 8 mm and cutting it with a cutter into about
1/1.5 mm thick slices. The washers obtained were
kept in 70% ethyl alcohol for 30 minutes and vigorously rinsed five times with distilled water in a 50 ml
test tube, finally placed in standard freshwater. The
washers must be dry on bibulous paper and left for a
few minutes in the corresponding test solutions before placing them in the wells with a tweezer.
Finally, three embryos were delicately housed inside
the washer using a glass pipette with a rounded tip
(Figure 1).

c. Video analysis. Videos were analysed with
the DanioScope® software provided by Noldus that
is based on changes in the grayscale values of each
pixel. For this reason, it is able to detect embryos
and analyse the movements individually as independent subjects and at the same time, it can exclude
those embryos that are not suitable for analysis of the
respective video. DanioScope® can evaluate three
main measurement parameters to assess the CAT:
Burst activity, Mean burst duration and Burst
count/minute.

FIGURE 1
Scheme setup of a 24-well plate with washers and embryos (left). Plate filling example for a substance with
five concentrations (right).
C0: negative control; Et1: ethanol at 1% positive hyperactive substance control; Et5: ethanol at 5% positive hypoactive substance control
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substance (values <0). Acute toxicity test does not
give specific information on which contaminants are
responsible for lethality, especially when the percentage is very high, while in this case, the CAT test
has been demonstrated more sensitive in less time.
For each parameter, the statistical distribution
in each sample was provided (Figure 2). About 60
measurements for each sample have been analyzed.
The boxplots were built in R 4.0.5 for the three tested
parameters.

Burst activity describes the percentage of the
measurement duration in which embryos were
scored active, Mean burst duration is the average duration of total events when embryos were scored active, and burst count/minute is the total number of
events when embryos were scored active divided by
the total measurement duration and is expressed in
number/minute. It is possible to reduce background
levels avoiding the count of a false movement for all
coiling parameters with change the onset and offset
level.
At the end of the test, it is possible to carry out
a FET test by removing the washer from the wells
and re-incubating the plate for 72h.

RESULTS AND DISCUSSION
The observation time proposed in this study for
this test is set at 23 hpf, since it is suggested in the
literature that early spontaneous coiling activity in
zebrafish embryos might lack the potential to discriminate the different modes of action of potent
neuroactive chemicals, due to life-stage specific sensitivities and the absence of neurotransmitter-related
signalling [36]. While at a time greater than 30 hpf
that coiling activity proved negligibly low [34].
Compared to the FET test, our version of the CAT
presents some advantages (Table 2) that make it an
interesting alternative in the short-term assessment
of neurotoxicity: the total exposure time for the embryos is much shorter, and this allows the detection
of a neurotoxic compound more rapidly. Moreover,
we use the same 24-wells plates used in the FET test,
but we load three eggs in each well, compared to
only one egg in the standard FET test. Since the sample quantity in each well is the same between the two
tests, this allows using in the CAT much less sample
and much fewer plates for the same number of embryos. However, it has to be pointed out that this test
is specifically focused on neurotoxic substances, and
cannot be used to detect any other MoAs. Moreover,
the lack of a standardised protocol can make it sometimes difficult to this day to compare the results produced from different studies.

EXAMPLES OF CAT APPLICATIONS
After testing different parameters for the development of the method (i.e. the number of embryos,
presence of washers, type of plate, exposure time),
the most suitable and fastest operating conditions
were selected. Afterwards, the proposed protocol
was applied together with the FET test on different
environmental river samples (R1, R2, R3) and three
decreasing concentrations of a known compound
(C1, C2, C3) in order to test the feasibility of the
method.
The effect percentage for the CAT parameters
were calculated with the following equation:
% Effect = 100 x (A-B)/A
Where “A” is the effect measured on the control and
“B” is the effect on each sample.
Table 1 shows the main results of the two methods. The environmental samples did not show acute
toxicity with FET (no toxicity for values ≤10%),
while it has been detected the presence of neurotoxic
hypoactive substances (percentages values > 0) applying CAT on the same samples. Related to chemical sample FET and CAT trace well the decreasing
concentrations, even if CAT is more sensitive and it
highlights a hyperactive neurotoxic property of the

TABLE 1
Main results of FET and CAT applied to environmental samples (R1, R2, R3) and a chemical substance at
three concentrations (C1, C2, C3) for the feasibility of the proposed method.
FET
CAT
CAT
CAT
% lethality
% effect on Burst
% effect on Mean Burst
Sample
% effect on Burst
Count/minute
Duration
Activity
R1
23.0
11.4
14.0
10.0
R2
61.0
35.0
43.0
10.0
R3
34.0
30.0
7.0
5.0
C1
-12.5
65.0
-202.7
100.0
C2
-87.0
5.0
-125.0
10.0
C3
-29.5
5.0
-55.0
10.0
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FIGURE 2
Boxplots of each parameter obtained by the CAT analysis in both river and chemical compound samples.
Dark dots indicate outliers within the distribution.
TABLE 2
Comparison of parameters of Coiling Activity Test (CAT) and Fish Embryo Test (FET).
Parameters
CAT
FET
Exposure time

23 hours

96 hours

Endpoints

Burst activity, Mean burst duration,
Burst count/minute

Lethality

N° of exposed embryos

3 embryos/well, 54 embryos/plate

Cell stage at exposure
Test plate type
N° of plates for a complete
test
Sample volume
Light condition
Temperature

16/32 cells
24 wells

1embryos/well,
20 embryos /plate
16/32 cells
24 wells

2

7

12 ml (2 ml/well)
No
26±1°C

40 ml (2 ml/well)
Not necessary
26±1°C

demonstrated as a valid and rapid early warning system for neurotoxicity. Since it is estimated that neurotoxic compounds are very likely to be released into
the environment [1], this test can be extremely useful
for both the detection of neurotoxicity in the monitoring process and for the evaluation of emerging
substances, for which information on MoAs is not

CONCLUSION
The CAT is overall considered a promising,
smart and efficient tool due to its sensitivity [25, 35],
although a more accurate method standardisation
may be required [18]. In our study, the CAT was
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[7] Commission Implementing Decision (EU)
(2020) 2020/1161 of 4 August 2020 establishing
a watch list of substances for Union-wide
monitoring in the field of water policy pursuant
to Directive 2008/105/EC of the European
Parliament and of the Council. L. 257, 32-35
[8] European Union (EU) (2000) Directive
2000/60/EC of the European Parliament and of
the Council of 23 October 2000 establishing a
framework for Community action in the field of
water policy. L 327, 1-72.
[9] Li, S.Y., Wu, Q., Sun, Q.Q., Coffin, S., Wenjiun, G., Guonian, Z. (2019) Parental exposure
to tebuconazole causes thyroid endocrine disruption in zebrafish and developmental toxicity
in offspring. Aquatic Toxicology. 211, 116-123.
[10] Ibitoye, O.B., Aliyu, N.O., Ajiboye, T.O. (2020)
Protective Influence of Phyllanthus Muellarianus on Ciprofloxacin-Induced Neurotoxicity
in Male Rats. Journ. Diet. Supplem. 17(3), 321335.
[11] Wernersson, A.S., Carere, M., Maggi, C., Tusil,
P., Soldan, P., James, A., Sanchez, W., Broeg,
K., Kammann, U., Reifferscheid, G., Buchinger,
S., Maas, H., Van Der Grinten, E., O'Tool, S.,
Ausili, A., Manfra, L., Marziali, L., Polesello,
S., Lacchetti, I., Mancini, L., Lilja, K., Linderoth, M., Lundeberg, T., Fjällborg, B., Porsbring, T., Larsson, J., Bengtsson-Palme, J., Förlin, L., Kase, R., Kienle, C., Kunz, P., Vermeirssen, E., Werner, I., Robinson, C.D., Lyons,
B., Katsiadaki, I., Whalley, C., den Haan, K.,
Messiaen, M., Clayton, H., Lettieri, T.,
Carvalho, R.N., Gawlik, B.M., Dulio, V.,
Hollert, H., Di Paolo, C., Brack, W. (2015) The
European technical report on aquatic effectbased monitoring tools under the water
framework directive. Environ. Sci. Eu. 27(7), 111.
[12] EEA Report. (2011) European Waters.
Assessment of Status and Pressures. N.7/2018.
[13] Giussani, D.A. The vulnerable developing
brain. Proc. Nat. Acad. Sci. USA. 108, 26412642.
[14] d’Amora, M., Giordani, S. (2018) The Utility of
Zebrafish as a Model for Screening Developmental Neurotoxicity. Front. Neurosci. 12, 976.
[15] Gierten, J., Pylatiuk, C., Hammouda, O.T.,
Schock, C., Stegmaier, J., Wittbrodt, J., Gehrig,
J., Loosli, F. (2020) Automated high-throughput
heartbeat quantifcation in medaka and zebrafsh
embryos under physiological conditions. Scien.
Rep. 10, 2046.
[16] Hellou, J. (2011). Behavioural ecotoxicology,
an “early warning” signal to assess environmental quality. Environ. Sci. Pollut. Res. 18(1),
1-11.

yet available; early warning systems are also key
tools for the detection of effects caused by climate
changes. Furthermore, the CAT could be improved
through the knowledge on the different patterns of
chemical substances combining this method with
other EBMs mentioned in this article, e.g. AChE,
Locomotion and FET test.
Finally, the CAT could make a valuable contribution to implementing EU regulatory guidelines
and strategies [37] for identifying neurotoxic risks in
the ecosystem and for this reason its forthcoming
harmonization and standardization of method would
be required.
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resources [2]. Some studies have been carried out on the
applications of OOMS obtained from the olive oil mill
waste used as organic fertilizers and for plant nutrition.
Lopez-Pineiro et al. [4] conducted a study to evaluate the
changes in the organic matter on an olive grove.
Significant increases in the total organic carbon, watersoluble organic carbon, humic and fulvic acids, and
aggregate stability were observed. Paredes et al. [5] have
characterized olive oil mills and their sludges from
evaporation ponds of Spain to study the composition of
these wastes and to find the relationships which would
make it possible to use easily determinable parameters to
ascertain their composition. Compared to the organic
wastes, these materials had a high potassium
concentration, a similar organic matter content and notable
levels of nitrogen, phosphorus, calcium, magnesium and
iron. In another study conducted by Altieri & Esposito [6],
two different preparations of solid mill waste were used as
amendments to olive groves. This paper reports the results
of an experiment of olive oil mills sludge administration
in open chambers designed to mass balances studies with
the purpose to evaluate the effects on two type of soils and
lettuce used as test organism, through agronomic,
toxicological, and metabolomic studies.

ABSTRACT
The use of agro-industrial waste biomass to preserve
or restore the soil fertility represents a model of circular
economy in the crop treatments, replacing the use of nonrenewable raw products in conventional agriculture.
However, the pollution risks embedded in this waste use
cannot be neglected. In this paper, the olive oil mill sludge
(OOMS) was evaluated as a fertilizer to restore the soil
functional qualities. The first phase of the experimentation
was carried out in open chambers in order to carry out an
agronomic, environmental and toxicological evaluation of
the sludge effects on the soil, and on lettuce used as a
witness organism, in two different soil types (clay-loamy
and sandy). The analyzed parameters include the
chemical-physical characteristics of the investigated soils,
and the content of some minerals in the plants edible
portions. Moreover, the biometric characteristics, and the
metabolic profile of lettuce were investigated. Preliminary
tests for phytotoxicity and genotoxicity have suggested
that the use of OOMS does not appear to cause toxicity.
The metabolic profile of lettuce showed the major
differences in the region of the phenolic compounds, with
an increase observed in the lettuce samples cultivated in
the sandy soil treated with OOMS. The plants biometric
examination showed an increase in the ratio between leaf
area and primary root length. Further experimental tests
will be carried out to confirm these preliminary results.

MATERIALS AND METHODS
Experimental Site and Characterization of
OOMS. The experimental site was arranged in two
sets of 8 open chambers designed to mass balances
studies, each filled with two types of soils, one
characterized by sandy and the other by clay-loamy
particle size distribution, having very different
physical, chemical and functional features. The two
sets of plot were planted with lettuce. The pots were
housed inside a greenhouse-tunnel covered with a
low density polyethylene film. The choice of lettuce
were performed both for the spread of its cultivation
in Italy, and for the rapid growth and sensitivity to
phytotoxic and genotoxic substances added to the
soil.

KEYWORDS:
Olive oil mill sludge, fertilization, lettuce, phenolic
content, toxicity

INTRODUCTION
The indiscriminate use of agrochemicals, excessive
irrigation and soil tillage often lead to soil degradation,
particularly in the Mediterranean areas, due to the loss of
organic matter and desertification [1; 2]. The maintenance
of the environmental quality, and productivity
agroecosystems, or soil fertility [3], requires the
development of management practices to preserve the soil
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Chlorophyll Meter SPAD-502 Minolta. The actual
content of chlorophyll in the plant was determined
by extraction in an aqueous solution of acetone (80%
v/v) and subsequent dosage by UV-VIS
spectrophotometer. A portion of fresh leaf (0.5 g)
was homogenized with a solution of acetone (80%).
The extract of chlorophyll was analyzed in the
spectrophotometer in comparison to a blank
consisting of 80% acetone solution, at wavelengths
663 nm and 645 nm. On the same leaves, the
chlorophyll content had been previously detected
with the SPAD, in order to perform the instrument
calibration.
The leaf area (LA) is also an indicator of the
health conditions of the plant. It is determined in a
direct way, by means of a leaf area meter (LI-COR
mod. 3050 A/4, Lincoln, Nebraska, USA), after the
plant destruction.

A completely randomized experiment design
was set up with the preparation of n. 16 open
chambers, divided into two blocks of 8 chambers,
with a not fertilized control (C) and a treatment with
olive oil mills sludge (OOMS) in quantities
corresponding to approx. 70 kg N ha-1. OOMS were
analyzed by means of a pH/EC meter model PC
5000L (Manufacturer VWR, Leuven – Germany), a
Carbon Nitrogen Elemental Analyzer, model CN
802 (Velp Scientifica, Usmate Velate, MB – Italy)
and Inductively Coupled Plasma-Optical Emission
Spectrometry model iCAP Pro (ICP-OES, Thermo
Fisher Scientific, Waltham – USA).
Soil and Plant Samples and Analyses. The
soil samples (each about 500 g) were collected from
boxes and the soil characterization was carried out
by the Italian official method [7]: particle size
distribution by gravimetric method, pH in H2O with
a potentiometer, total organic carbon (Walkley and
Black), total nitrogen (Kjeldahl), available
phosphorus (Olsen), cation exchange capacity and
exchangeable cations measured in the extracted soil
solution (ammonium acetate) by using the atomic
absorption spectroscopy (AAS, model AA240FS,
Varian, Crawley - UK).
The plant nutrients uptake and the plant
morphology were estimated in order to determine
some soil–plant system contamination indicators.
Three lettuce plants for each replicates were
harvested 40 days after transplant (consumer’s
maturation time) and then were dried and weighed.
The dried plants were analyzed for the total elements
content by ICP-OES, after a wet acid digestion with
65% HNO3 (gradient temperature from 50°C to
140°C for 8 hours). The analytical parameters of
ICP-OES were an applied power of 1.3 kW, a
nebulizer follow rate of 0.8 L min-1, a plasma gas
flow of 15 L min-1 and an auxiliary gas flow of 2.0 L
min-1. Prior to the analysis, the ICP-OES instrument
was calibrated with a blank, and four multi-element
standard solutions, prepared from the stock
solutions, were used for the calibration curve.
Furthermore, two types of standard reference
materials were used for the ICP measurements,
BCR-679 (white cabbage, IRMM, Geel, Belgium),
ERM-CD281 (rye grass, IRMM, Geel, Belgium).
The certified reference materials were analysed in
the same experimental conditions used for the
sample analyses in order to evaluate the accuracy of
the method. All the reagents used were of analytical
grade or better. For each group of samples, blanks
(deionized water and reagents) were included
throughout the entire sample preparation and
analytical process [8].
The chlorophyll content of the samples referred
to the photosynthetic activity of the plants was
considered an indicator of the vegetative conditions
of the lettuce. The content of chlorophyll in the plant
was determined by the direct measurement with a

Phytotoxic
and
genotoxicity
effects.
Laboratory tests were also carried out for the
evaluation of the potential toxicity and mutagenicity
of the studied olive oil mills sludge. To perform
phytotoxicity and genotoxicity tests, Vicia faba
minor seeds were allowed to germinate in quartz
sandy soil [9] treated with olive oil mills sludge.
To perform the tests, in each of 6 aluminium basins
25 Vicia faba minor seeds were put on 250 g of
quartz sand. 3 basins were treated with 30 g of olive
oil mills sludge and 3 control basins only with
deionized water (50 ml) to wet seeds. Each basin,
sealed with Parafilm, was incubated for 5 days at
20±1°C to allow the seeds germination.
The effects of the olive oil mills sludge on Vicia faba
minor germination were examined. In particular, the
reduction of the primary root length (PRL) test was
used to evaluate the phytotoxic effects through
growth inhibition. After 5 days 100% of the seeds
had been germinated and every of the 75 primary
roots has been measured with a caliper, setting every
root on a flat surface after washing.
Total germination percentage (Gt) was calculated as
Gt = (n/N × 100), where n = the total number of the
germinated seeds at the end of the experiment and N
= total number of the seeds used for the germination
tests [10].
The germination index (GI) is a test based on
the seed germination and initial plant growth [11]. It
was calculated by the formula GI = (Gt × Lt)/(GH2O
× LH2O) × 100 , where Gt is the number of
germinated seeds, Lt is the median root length of the
sample, GH2O is the number of the germinated
seeds, and LH2O is the median root length of the
control, To evaluate the genotoxic effect, the
micronucleus test was carried out on Vicia faba
minor [12]. 25,000 root cells (25 root tips, 1,000
cells for tip) have been analyzed. The root tips were
cut and fixed in glacial acetic acid and ethanol 3:1
(v/v) solution for 24 h, then treated with HCl 1N at
60 °C for 8 min, dyed to Schiff’s reagent for 24 h and
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fixed on microscope cover glass. For each samples
eight tips were observed to the optical microscope.
Three biological replicates for each experiment were
made, and the analysis of variance (ANOVA) with
the Dunnett's test was performed to compare the
differences in the mean values (P≤0.05) using the
SPSS software (2012£).
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width by adding 64K transients with a recycle delay
of 3 s. Each spectrum was FT transformed with 128K
data points and manually phased and base-lined, and
a line broadening factor of 0.5 Hz was applied to the
FID prior FT.
The 1H-1H TOCSY experiments were acquired
in the TPPI phase-sensitive mode, with a 4807 Hz
spectral width in both dimensions, 100 ms of spinlock time of 4500 Hz, 1K data points in f2 and 256
increments in f1, each with 64 scans. The 1H-13C
HMQC spectra were acquired in the TPPI phasesensitive mode, with a 4807 Hz spectral width in f2
dimension and a 15083 Hz spectral width in f1. 2K
data points in f2 and 256 increments in f1, each with
64 scans, were used.

Sample Preparation for NMR Analysis and
NMR Measurements. After lettuce harvesting,
samples were transported in refrigerator at +4 °C to
the laboratory for NMR analysis. Lettuce leaves
were washed, once with tap water and then twice
with distilled one, and carefully dried with paper.
Successively they were leaved for 3 days in a freezedrying apparatus, then frozen in liquid nitrogen and
finally powdered in a ceramic mortar with a pestle,
in order to obtain homogeneous samples. The freezedried samples were kept in freezer (-20°C) until
analysis. To ensure that the freeze-dried operation
did not alter the lettuce metabolic profile, the 1HHRMAS-NMR spectra of the freeze-dried samples
were compared to those obtained by directly taking
a piece of lettuce: no difference was observed (data
not shown).
Samples were prepared by inserting about five
mg of lettuce powder in a 4 mm HRMAS rotor with
a 50 ml spherical insert. Ca. 40 mL of D2O phosphate
buffer, 0.01M concentration and pH value equal to
7.2, with 0.01% 3-(trimethylsilyl)-propionic2,2,3,3-d4 acid sodium salt (TSP), were then added.
HRMAS-NMR spectra were recorded at 298 K with
a Bruker AVANCE spectrometer (Bruker BioSpin
GmbH, Rheinstetten, Germany) operating at a 1H
frequency of 400.13 MHz, equipped with a 4 mm
HRMAS dual channel probehead and spinning the
samples at 7 kHz. The 1H and 13C chemical shifts
were referred to the TSP signal ( = 0.00 ppm) and
to the anomeric 13C signal of sucrose at 93.00 ppm,
respectively
The 1H-HRMAS-NMR spectra were acquired
with the water suppression pulse sequence
noesypr1D (Bruker library), using 32K data points
over a 4807 Hz spectral width and adding 128
transients. A recycle delay of 2 s and a delay for
allowing an efficient NOE effect equal to 150 ms
were used, the 90° pulse length was 5.2 ms and the
saturation of the water residual signal was achieved
by irradiating during the recycle delay at d equal to
4.70 ppm. Each spectrum was FT transformed with
64K data points and a line broadening factor equal to
0.3 Hz was applied to the FID. The 1H-HRMASNMR spectra were manually corrected for phase and
baseline distortions with XWINMR 3.5 software
(Bruker Biospin, Karlsruhe, Germany).
The 13C-HRMAS-NMR spectra were acquired
with the power-gated decoupling sequence zgpg30
(Bruker library), using a 30° flip angle pulse of 5.0
ms. The experiments were carried out using 64K
data points over a 22123 Hz (~220 ppm) spectral

Statistical Analysis. Analysis of variance
(ANOVA) was performed in order to test the
significance of the observed differences. The
software SPSS, 13th edition (SPSS Inc., Chicago,
IL), was used to determine significant differences (P
< 0.05) between lettuce cultivated in two types of
soil, sandy and clayey-loamy, treated or not with
OOMS, by means of two-way ANOVA.

RESULTS AND DISCUSSION
Soils and OOMS characterization. The
results of the chemical characterization of the two
investigated soils are reported in Table 1.
The clay-loamy soil had a sub-alkaline
reaction, a high cation exchange capacity (CEC), and
an average content of organic matter and nitrogen,
while the values of K, Ca and Fe were high.
The sandy soil had an alkaline reaction, low CEC,
low organic matter content, average amount of N and
K, and a high content of P.
The composition of the OOMS, obtained after the
storage of the olive oil mills in the sedimentation
ponds for 3-5 days, is shown in Table 2.
The sludge shows an acid reaction, a mean content
of dry matter, with 47% of TOC, and an average
content of N and P.
Effects of the OOMS on the soil. Soil samples
have shown significant variations regarding the
following parameters:
- Content of organic matter, with significant
increases in both soils: 1.93% to 1.1% in the clayeyloamy and sandy soils treated with OOMS,
respectively, compared to C (1.79 and 0.90%).
- Available phosphorus with increases in the two
soils treated with OOMS (27.79 mg kg-1 and 65.15
mg kg-1 in clayey-loamy and sandy soil,
respectively), compared to the control;
- Total copper with increases in the OOMS plots
(1.65 mg kg-1 and 10.76 mg kg-1 in clayey-loamy and
sandy, respectively), compared to C. Altieri and
Esposito (2008) observed that mills solid waste
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containing a high percentage of organic matter, and
of vegetation water, generally rich in polyphenols
and other substances considered toxic. The OOMS
used consisted only of the semi-solid fraction taken
from the tanks in which the mill sludge was
stabilized for 3 days, separating it from the liquid
fraction that contains most of the polyphenols partly
responsible for the toxicity of the wastewater.

increases significantly total organic carbon and
humic matter in the soil of around 40%, with no
adverse effects on tree growth and yield.
Effects of the OOMS on the chemical
composition of plants. Studies with coupled
inductive plasma spectroscopy (ICP-OES) have
been useful to determine the concentration of total
elements in various foods, including vegetables in
lettuce [13].
The administration of OOMS has not induced a
statistically significant increase of the total
chlorophyll content, both in the clayey-loamy and
sandy soil (Table 3).
As regards the content of nutrients in plants,
treatment with OOMS showed a variation of the
content only in Na and Cu contents (Table 4).
At the moment, the comparison with the results
obtained by other authors is not yet possible, given
that all the research carried out in recent decades has
focused exclusively on the use of compost derived
from OOMS and not with sludge as it is.

NMR Analysis. Metabolomics is used for
studying various plant responses to abiotic stress
[18; 19; 20], and for lettuce studies [21; 22; 23].
Nuclear magnetic resonance (NMR) spectroscopy
(NMRS) represents a valid analytical tool for the
study of the metabolic profile in plant and food
systems [24; 25] (target and non-targeted analyzes,
short times and measurements promptly automated,
simple sample preparation and advanced data
analysis). The Magic Angle Spinning High
Resolution NMR Tool (HRMAS) combines liquid
and solid state NMR spectroscopy and analyzes a
few milligrams of intact tissue, without having to
prepare the sample [26]. This technique has been
successfully applied to the evaluation of changes in
the metabolic profile of different plants [27; 28; 29].
Figure 3 shows the 400 MHz 1H-HRMASNMR spectrum of a lettuce sample cultivated on
sandy soil treated with OOMS.
Connectivity information obtained from 2D
spectra and the use, as guidelines, of the chemical
shift data reported in the literature [30; 31; 22],
allowed the assignment of a large number of
resonances in the 1H-HRMAS-NMR spectra of
lettuce leaves. Due to the lower sensitivity of NMR
compared to that of the other analytical techniques
used for metabolic profiling (e.g. Mass
Spectrometry), only the compounds with high
concentrations (typically in the mM to mM range)
will be detected in the NMR spectra [24].
Table 6 summarizes the chemical shifts
obtained for the main compounds in the lettuce
spectrum, divided for chemical classes, i.e.
carbohydrates, organic acids, amino acids, fatty
acids, and phenolic compounds. However, when
applying the NMR metabolomic approach, the
changes in the relative metabolite amounts are more
important than the absolute amount of a specific
compound [25]. Therefore, in this study the 1HHRMAS-NMR spectra of the treated samples were
compared to those of the control plants. The major
differences were observed in the region of the
phenolic compounds, especially in the lettuce
samples cultivated in the sandy soil with OOMS
(Figure 3). Multidimensional NMR experiments
were performed in order to assign all the signals in
this spectrum region to the corresponding
compounds (Table 6).
In the low field region of the 1H-HRMASNMR spectrum several distinct doublets, with high
coupling constants (J about 16 Hz, attributed to one

Effects of the OOMS on the plant
morphology. The results of the biometric
examination of the plants of the different treatments
showed an increase in the ratio between LA and
primary root length in plots treated with OOMS
compared to the control, especially in the clayeyloamy soil (Table 5). This result is due to the
increase of LA and simultaneously to the reduction
of PRL in the chambers treated with OOMS,
compared to the control. Also for these parameters
the comparison with data of other similar researches
is not possible.
Toxicological parameters. As concerns the
phytotoxicity test a length reduction of primary root
was observed, but the differences with the control
sample were not significant (Figure 1). Therefore
OOMS did not induce an acute toxicity.
In this first work, the micronuclei tests results
showed that olive oil mills sludge does not appear to
have a high toxicity to cell level.
Considering the genotoxicity tests, the
frequency of the micronucleated cells presence did
not show statistically significant increase following
the OOMS treatment (Figure 2). Hence, the olive oil
mills sludge did not appear to have a high toxicity to
cell level.
The results obtained would seem to agree with
the literature data [14; 15; 16; 17] that suggest the
need to treat olive tree sludge from the mills before
use, due to their high toxicity. In fact, the high
germination rate of Vicia faba minor seeds and the
low phytotoxicity and genotoxicity of the oil mill
sludge are probably due to a series of factors that
have made the fertilizing effect prevail. In fact, the
sludge of the mills, in addition to having organic
origin, mainly consists of a semi-solid fraction
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Comparing the 1H-HRMAS-NMR spectra of
the lettuce harvested in control sandy soil and sandy
soil with OOMS (comparison not showed), a
significant increase in the total phenolic content of
the treated samples was observed, with a two to
threefold increase in the two major phenolic
compounds of lettuce, i. e. chicoric acid and
chlorogenic acid. It is well known, in fact, that the
plant defence mechanism against abiotic stress is
based on the activation of secondary metabolism
[35], and phenolic compounds are known to be the
largest group of secondary metabolism in plants
(being involved in the phenylpropanoid pathway),
which can help the plant to cope with the
environmental stress [37]. Several works in the
literature reported the ability to biosynthesize more
phenolic compounds in plants growing under
stressful environmental conditions compared to
same plants growing under normal conditions, in
particular when treating the soil with olive mill
residues [38; 39; 40].
It is worthwhile mentioning that these phenolic
compounds, showing a high antioxidant activity,
play an important role for human health [41].
Therefore, abiotic stresses could be used for
producing crops with high added value, as long as
the stress doesn’t last for a long time or is not very
intense, otherwise the plant growth and its stress
acclimation ability could be altered [42]. However,
the work of Tamura et al. [23] reported that the
cultivation conditions, and to a lesser extent, the
cultivar-type or the leaf growth stage, had impact on
the metabolite changes in lettuce, therefore
particular attention must be paid to these variables in
the metabolomic approach-based studies.

pair of protons in trans configuration) and resonating
between d 6.41–6.49 (=CH-COO-), were observed.
They are typical of the hydroxicynnamic compounds
[32], of which lettuce is particular rich [33; 34; 35].
This was confirmed by their correlation with the
protons at δ 7.66–7.73 (=CH) in the TOCSY
spectrum. In particular, two derivatives of caffeic
acid were identified: chicoric acid, an ester of tartaric
acid with caffeic acid, which was the most abundant
in the lettuce spectrum of our samples, as already
reported in the literature [32], and chlorogenic acid
(Table 6). The presence of chicoric acid was
evidenced by the characteristic CH(O)COOH signal
at 5.54 ppm (chicoric acid), coupling with the carbon
at d 74.82 in the HMQC spectrum. The typical
patterns of chicoric and chlorogenic acids were
confirmed thanks to the corresponding correlations
in the TOCSY and HMQC spectra, and they were in
agreement with the data reported in the literature
[31]. Furthermore, several singlets, resonating
between d 3.81–3.84 (-O-CH3) and coupling with the
carbon at d 53.63 in the HMQC spectrum, were
indicative of the presence of different derivatives of
the ferulic acid. The correlations in the TOCSY
spectrum between the protons at d 7.23 (CH-2’),
6.96 (CH-5’) and 7.05 (CH-6’) confirmed this
assignments. Other works in the literature [31; 36]
often report another caffeic acid derivative in lettuce,
monocaffeoyltartaric acid (i.e. caftaric acid):
however, the typical doublet of monocaffeoyltartaric
acid at 5.31 ppm of was not observed in the 1HHRMAS-NMR spectra of lettuce, suggesting the
absence of this phenolic compound in the lettuce
samples.

TABLE 1
Chemical characteristics of the soil used in the field experiment
Parameter
Clay-loamy
Value
Class
Value
pH
7.60
Sub-alkaline
8.30
Sand (%)
24.40
92.33
Loam (%)
47.60
3.67
Clay (%)
28.00
4.00
Particle Size Distribution (USDA)
Clay-loamy
Organic Matter (%)
1.79
Average
0.90
Nitrogen (%)
0.12
Average
0.10
P Olsen (mg kg-1)
25.20
Average
57.60
K2O (mg kg-1)
598.14
High
138.08
CEC (meq 100g-1)
29.51
High
5.24
Ca (meq 100 g-1)
24.33
3.23
K (meq 100 g-1)
1.27
0.29
3.21
0.12
Na (meq 100 g-1)
Mg (meq 100 g-1)
0.70
1.60
Cd (mg kg-1)
<0.05
<0.05
Cu (mg kg-1)
1.03
8.01
Fe (mg kg-1)
401.10
56.20
Ni (mg kg-1)
0.57
<0.05
2.10
1.1
Pb (mg kg-1)
Zn (mg kg-1)
1.30
2.7
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TABLE 2
Chemical-physical characteristics of the olive oil mills sludge (OOMS)
Parameter
Value
Dry Matter (%)
17.6
Electrical conductivity (mS cm-1)
1.79
pH
5.21
TOC (% s.s.)
47.18
Total N (% s.s.)
1.72
Soluble Ammonium (mg kg-1s.s.)
993
Total P ( mg kg-1 P t.q.)
2.106
Soluble K (cmol kg-1)
31.42
Soluble Mg (cmol kg-1)
2.62
Soluble Ca (cmol kg-1)
9.54
Soluble Na (cmol kg-1)
4.12
5.11
Soluble Li (mg kg-1 s.s.)
Total Cu (mg kg-1 s.s.)
166

Treatmen
ts
CL C
CL
OOMS
SC
S OOMS

N

TABLE 4
Content of nutrients in lettuce
P
K
Ca
Mg
Na
-1
g 100 g d.m.

Cu

Mn
mg kg-1 d.m.

Zn

3.92 a

0.61 a

3.13 a

1.74 a

0.71 a

1,901 a

23.54 a

214 a

110 a

4.25 a

0.56 a

3.28 a

1.67 a

0.76 a

2,020 a

31.48 b

241 a

118 a

3. 45 a

0.368 a

2.79 a

2.11 a

0.85 a

1,423 b

26.41 b

2479 a

88 a

3.82 a

0.36 a

2.71 a

2.02 a

0.78 a

1,084 a

19.72 a

291 a

94 a

Fe
2,117
a
2,321
a
2,463
a
2,618
a

CL: Clayey-loamy soil; S: Sandy soil.
Different letters assigned to different treatments within the same parameter indicate a significant difference at p <0.05
(ANOVA)

TABLE 3
Total chlorophyll content of lettuce leaves
Treatments
SPAD
27.81 a
CL C
30.08 a
CL OOMS
25.11 a
SC
27.34 a
S OOMS

CONCLUSION
The use of OOMS can be an important
agricultural practice to stimulate the activity of soil
microorganisms and, consequently, to improve their
fertility and increase plant growth through greater
availability of nutrients [43]. The use of OOMS
could therefore be included in sustainable agronomic
practices to improve soil fertility [44]. Some interesting indications emerged from the experimentation
conducted.
The HRMAS-NMR metabolic approach made
it possible to identify the effects of OOMS diffusion
in soil on the metabolic profile of lettuce. Lettuce
showed higher amounts of some phenolic
compounds, especially when grown on sandy soils
treated with OOMS. These results suggest that
lettuce's response to environmental stresses can
induce the synthesis of some phenolic compounds.
Additionally, these plant metabolites are well known
for their high antioxidant activity, so OOMs that
spread in the soil could help enhance the health
benefits of these lettuce compounds.

CL: Clayey-loamy soil; S: Sandy soil.
Different letters assigned to different treatments within the
same parameter indicate a significant difference at p <0.05
(ANOVA)

TABLE 5
Ratio between leaf area and primary root length
Treatments
LA/PRL
0,39 a
CL C
1,19 b
CL OOMS
0,28 a
SC
1,21 b
S OOMS
LA: Leaf area; PLR: Primary root length
Different letters assigned to different treatments within the
same parameter indicate a significant difference at p <0.05
(ANOVA)
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especially when it is of biological origin. Further
studies are needed to confirm the efficacy of
detoxification of oil mill waste through stabilization
in settling tanks. At the same time, the observed
difference between the two soil types evaluated
should be better investigated.

FIGURE 1
Phytotoxicity test results (C = control not
treated; RF = treated with approx. 70 kg N ha-1
of OOMS).
The results of the phytotoxicity and
genotoxicity tests confirm the literature data
regarding the reduction of polyphenols through the
elimination of the liquid fraction from the
wastewater of mills. The consequent reduction of the
toxicity of the sludge guarantees a safer use,

FIGURE 2
Genotoxicity test result (C = control not treated;
RF = treated with approx. 70 kg N ha-1 of
OOMS).

TABLE 6
1H and 13C chemical shifts of identified polyphenols in lettuce. 1H and 3C chemical shifts refer to TSP
signal, in both cases δ = 0.00 ppm.Table 6.
1
13
Compound
Assignment
H (ppm)
Multiplicity
C (ppm)
Chicoric acid
CH(O)COOH
5.54
s
74.82
=CH-COO6.49
d [16.04]
114.91
-CH=
7.73
d [16.04]
CH-2'
7.26
d [1.91]
115.76
CH-5'
6.96
d [8.22]
116.94
CH-6'
7.19
dd [8.22; 1.91]
122.85
-COO168.12
Chlorogenic acid
CH-2
2.02
CH-3
5.32
73.93
CH-4
3.89
dd
CH-5
4.14
CH-6
2.20
=CH-COO6.45
d [15.94]
115.87
-CH=
7.67
d [15.94]
147.42
CH-2'
7.21
d [1.86]
116.29
CH-5'
6.90
d [8.41]
117.50
CH-6'
7.17
dd [1.86; 8.41]
123.88
-COO168.12
Ferulic acid and derivatives
=CH-COO6.41
d [15.94]
115.23
-CH=
7.67
d [15.94]
146.95
CH-2'
7.23
d [1.86]
110.84
CH-5'
6.96
d [8.36]
115.92
CH-6'
7.05
dd [1.86; 8.36]
124.21
O-CH3
3.81 ÷ 3.84
several s
53.63
-COO168.12
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FIGURE 3
Spectrum of a lettuce sample cultivated on sandy soil treated with OOMS.
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points lower than room temperature. Due the enormous amount of cations and anions and even the possibilities of changing in the alkyl chains of these ions
and the well-known relationships between thermophysical properties and structure, the applicability of
these compounds is huge, representing an alternative
to organic solvents in processes of synthesis of compounds, in separation technologies and electrochemical applications among other uses [1-3]. The most
common characteristics of these compounds are low
combustibility, excellent thermal stability, wide liquid regions, and favourable solvating properties, but
due the ionic character of the ILs one of their key
properties is their negligible vapour pressure [4], being harmless to the atmosphere and playing an increasingly relevant role in green chemistry. Nevertheless, before their use can be generalised, toxicity
studies must be performed as they could be toxic for
terrestrial ecosystems mainly taking into account the
most recent studies that highlight the strong influence of the end point or trophic level on the effects
of ILs [5]. However, studies of the effects on soil and
vegetation, media that can be reached by these liquids as a result of accidental spills, are scarce so far.
It has been indicated that ILs are persistent in the environment and may exhibit toxicity to microbes and
cells [6, 7]. Moreover, it has also been indicated that
toxicity of the IL depends on cation, anion and substituents of cation. This specificity makes it necessary to investigate the environmental toxicity of each
IL separately, or at least of each group of ILs. Considering the huge number of ILs that are developed
for many different applications, it is clear that many
studies are still needed to determine the toxicity of
these compounds. Therefore, it would be interesting
to be able to select sensitive toxicity indicators that
are also easily applicable and not too costly.
The
1,3
dimethylimidazolium
dimethylphospate, [C1C1Im][DMP], is an imidazolium
based IL with a liquid window between -63 ºC and
270 ºC [8] and with potential use in several industrial
applications, as for example increasing the rate of

ABSTRACT
Ionic liquids are playing an increasingly relevant role in green chemistry due to one of their main
important characteristic, their negligible vapour
pressure, which means they are non-contaminant (o
harmless) to the atmosphere. Nevertheless, they
could be toxic for terrestrial ecosystems and therefore research to assess its toxicity to aquatic and terrestrial environments should be performed to assess
whether they are as innocuous as sometimes assumed.
The 1,3 dimethylimidazolium dimethylphospate, [C1C1Im][DMP], is an imidazolium ionic liquid
with potential use in several industrial applications.
Thus estimating the toxicity of this compound to
these terrestrial ecosystems is of priority.
In this study, we investigated the impact of different amounts of 1,3-dimethylimidazolium dimethyl phosphate ([C1C1Im][DMP]) on soil microbial
activity by using two different methods: isothermal
microcalorimetry and the classical method for measuring basal soil respiration. The aims of the study
were to estimate the toxicity of this compound to soil
microorganisms, to assess whether both methods
were equally sensitive to estimate the impact of this
ionic liquid on soil microbial activity and to combine
the information obtained by both methods to obtain
a more insightful picture of the impact of this compound on soil microbial activity.

KEYWORDS:
Ionic liquids, basal soil respiration, microcalorimetry, ecotoxicity

INTRODUCTION
Ionic liquids (ILs) are compounds formed entirely by ions, usually an organic cation and an organic or inorganic anion, which usually have melting
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cellulose hydrolysis by cellulase enzyme in the
bleaching process in paper and pulp industry [9] and
absorbent, with water and alcohols as refrigerants, in
working pairs in industrial applications of absorption
heat pumps or chillers [10], both applications are related with remarkable hot topics worldwide as the
green energy and cooperation to accelerate climate
and environmental action. Thus, the estimation of
the toxicity of this compound to these systems is of
priority before its use will be widespread and the
probability that reaches terrestrial ecosystems will
be high.
Microbiological and biochemical soil properties are the most sensitive for detecting the impact of
anthropogenic activities on soil, as they react very
quickly to any impact [11]. Particularly sensitive,
and therefore widely used in various toxicity studies,
are properties reflecting the activity of soil micro-organisms [12]. Among the various methodologies to
determine microbial activity, one of the classical and
most widely used is the measurement of basal soil
respiration, the classic measurement of the CO2
emitted by the soil incubated under optimal laboratory conditions of moisture (60-80% of water holding capacity) and temperature (25-28 ºC) during a
given period of time (10-28 days). Another relatively
recently developed methodology is the determination of microbial activity by isothermal microcalorimetry. This technique is based on the analysis of
the heat released by soil microbiota, activated with a
solution of glucose, against time and it is a good way
to analyse the impact on soil microorganism trough
the variation on heat released against concentration
of IL [13] and due to its simplicity, versatility and
fast analysis, the role of this technique has been increased during recent years in the microbiological
field [14]. Since microcalorimetry was first applied
for studying soil microbial activity it has being increasingly applied in soil studies. However, to our
knowledge comparative analysis of the information
provided by both techniques has not been performed.
In this work, three main goals are proposed:
i) to estimate the toxicity of [C1C1Im][DMP]
to the soil by analysing its effect on soil microbial
activity,
ii) to test the sensitivity of two procedures (microcalorimetry and the classical method of soil basal
respiration determination) to estimate microbial activity in IL-polluted soils, and
iii) to compare and combine the information
provided by both procedures to obtain a more insightful picture of the impact of this compound on
soil microbial activity.
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alytical grade) was purchased from IOLITEC (Heilbronn, Germany) and was used without further purifications. The main chemical and structural characteristics of this compound are summarized in Table
1.
2. Soils and soil sampling. Two soils under
different use to ensure that their organic matter content was different were selected for the study, a forest
soil (FOR) and a crop soil (CROP). The forest soil
was developed under oakwood vegetation and the
agricultural soil was under maize cultivation. The
forest soil was an Umbrisol, while the crop soil was
a Regosol [15]. Both were developed over granite
rock. Between 10 and 15 subsamples of the A horizon (0-10 cm) of each soil were obtained, after removing the litter layer (forest soil) and the plant remains (agricultural soil). The subsamples were
pooled in the field to produce a composite sample for
each site. The soil samples were transported in isothermal bags to the laboratory where they were
sieved (< 4 mm). A sub-sample of each soil was airdried for determination of general soil properties,
and the remainder was stored at 4 ºC until the beginning of the experiment.
3. Experimental set-up. These soils were
spiked with increasing doses of [C1C1Im][DMP] (0
to 123.48 g LI kg-1 air-dried soil). For this, different
solutions of [C1C1Im][DMP] were prepared by diluting each in distilled water, to yield final concentrations of 0, 1, 10, 25, 50, 75 and 100%. The moisture
content of sieved soils was pre-adjusted to the required level of soil moisture, so that after addition of
the IL solution, the moisture content was 80% of the
soil field water capacity (85% for FOR and 34.2%
for CROP soils, respectively). The soils were then
spiked with 0.1 ml of the [C1C1Im][DMP] solution
per gram of soil (equivalent to doses of 0, 1.23,
12.35, 30.87, 61.74, 92.61 and 123.48 g of
[C1C1Im][DMP] kg-1 air-dried soil) and maintained
at 20 ºC for three days to maximize contact between
the soil and the IL. This contact time was selected on
the basis of the results of prior experiments that indicated that the major modifications in soil properties occur within 72 hours after the addition of the
exogenous compound [16-18]. Three days after the
IL was added to the soil, all of the un-spiked and
[C1C1Im][DMP]-spiked soil samples were analysed
for microbial activity by the two methods.
4. Analytical methods. Isothermal Microcalorimetry. The heat released by soil microbiota, activated with a solution of glucose, was determined
against time and dose (only up to 92.61 g de IL kg-1
soil) using an isothemal microcalorimeter (TAM III,
TA Instrument). This apparatus is used to evaluate
the short-term effect of the addition of different
amounts of ILs under a closed and static experimental environment. Measurements were carried out

MATERIALS AND METHODS
1. Chemicals. The IL 1,3 dimethylimidazolium
dimethylphospate, [C1C1Im][DMP], (99% pure, an-
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signed according to the USDA soil texture classification [21]. Field water capacity was determined as
the water retained by the soil at a potential of -33
kPa, which was measured in undisturbed soil samples with a Richards plate-and-membrane apparatus
[20]. Amorphous Al and Fe were extracted with 0.2
M ammonium oxalate/oxalic acid buffer of pH 3.4
[20] and were determined by atomic absorption
spectrometry. The soil moisture content was determined after oven-drying the soil at 105 ºC for 24 h.

at 25 °C in hermetically sealed 5 ml stainless steel
ampules closed with a Teflon™ coated septum and a
steel cap. Soil samples of 1 g size at 80 % of the soil
field water capacity, treated with 0.2 ml of a glucose
solution in water with a concentration of 6.25 g L −1
to activate the metabolism of soil microorganisms,
were used as the control [19]. The heat released by
the microorganisms was recorded until the total consumption of glucose [14].
Basal soil respiration. Basal soil respiration
was determined in triplicate by static incubation
[20]. Briefly, equivalent amounts of moist soil samples equivalent to 25 g of oven-dry soil (105 °C)
were incubated in tightly closed Mason jars at 80%
field water capacity and at 25 ºC (optimal conditions). The CO2 produced was collected in a NaOH
solution, which was then titrated against HCl with an
automatic titrator. Two Mason jars with NaOH solution, but no soil, were also incubated under the same
conditions to take into account the CO2 in the jars.
To estimate the kinetics of soil respiration, the
NaOH solution was collected and titrated after 1, 2,
4, 7, 10 and 14 days, and every week thereafter. On
each occasion, the jars were left open for 30 min to
allow replacement of the air before fresh NaOH solution was added. In our laboratory the soils are generally incubated for 10 days. However, for the ILspiked soils, the 10-day incubation period proved too
short and had to be increased until the CO2 emitted
by soil respiration in IL-spiked soils stabilised or had
reached the same level as in the control, un-spiked
(control) soil (126 days). The volume and molarity
of the NaOH was modified each time, depending on
the evolution of the CO2 emitted by the soils, to ensure that there was sufficient NaOH to retain the CO2
emitted by the control and the IL-spiked soils.

RESULTS AND DISCUSSION
The two soils used in the study have already
been used by the authors of the study in other studies
investigating the impact of different types of organic
compounds, such as chlorophenols and various ILs,
on microbial activity and different biochemical
properties of the soil [18,22,23]. These are an undisturbed forest soil and a crop soil, selected because
their organic matter (OM) content is very different
but their other physical and chemical characteristics
(pH, texture, oxide content, etc.) are very similar
(Table 2). This allows investigating the effect of soil
organic matter content on the possible toxicity of
[C1C1Im][DMP] and the behaviour against different
amounts of this IL. Previous studies [22-25] have
shown that soil organic matter and pH are two of the
properties that most influence the impact of the addition of different organic compounds to the soil.
Since the influence of pH was observed in the studies
with chlorophenols, where the influence of pH was
due to the greater or lesser closeness between the soil
pH and the dissociation pH of chlorophenols [25],
we decided to focus here on investigating the possible effect of organic matter content, as it was expected that the possible influence of pH might be
secondary.
The power-time curves obtained from isothermal microcalorimetry of the selected soil treated
with all the doses of the [C1C1Im][DMP] are presented in the Figure 1. This technology has also been
used by other authors [1] for detecting the toxic effects of cadmium on several bacteria, obtaining similar shapes and behavior than the ILs in the present
study. The curves are characterized by three different phases: Growth, stationary and decline phases.

Analysis of the main soil physical and chemical properties. The main physical and chemical
properties of the soils were determined in air-dried
sub-samples. Total C and N contents of finely
ground samples were determined in a CNH Elemental Analyser (LECO Instruments S.L.); soil pH
was determined in a suspension in 1 M KCl (1:2.5
soil:solution ratio) as described by Guitián-Ojea and
Carballas-Fernández [20]. Particle size distribution
was determined using a Robinson pipette with Calgon as dispersant [20], and the textural class was as-

TABLE 1
Main characteristics of 1,3-dimethylimidazolium dimethyl phosphate.
Short name [CAS numMm (g
Ionic Liquid
Structure
ber Id.]
mol−1)
1,3-dimethylimidazolium dimethylphosphate

[C1C1Im][DMP]
[654058-04-5]

222.18
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Purity

>0.99
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Forest
Crop
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TABLE 2
Main characteristics of the soils used in the study. Mean values ± standard deviations.
pH KCl
Ct
Nt
C/N
Sand
Silt
Clay
Fe2O3
Al2O3
----------- % --------------------- % ---------------------(%)--------3.69±0.01 10.99±0.12 0.58±0.02 19
68
19
14
0.63±0.10
0.69±0.01
3.94±0.02
2.04±0.17 0.17±0.02 12
65
20
14
0.50±0.01
0.46±0.01

The power-time curves showed important differences on the response of both soils to the IL addition:
in the FOR soil, with the highest OM content, an increase in heat released during the first hours of the
experience followed by the dead of the microorganism was observed for the lowest doses, in comparison with the control. Whereas the highest doses
caused a delay in the growth phase. The CROP soil,
with low OM content, showed an increasing delay
on growth phase with the dose. Despite the differences between soils, a common observation is that
no heat released inhibition is observed for any concentration, which indicates that this IL has a lower
harmful effect on microbial population of soils than
other ILs with similar cation as for example
[C3C1Im][NTf2] and specially [C4C1Im][BF4] studied previously with the same technology [13].
These results are in very good agreement with
the results of Hu and coworkers [26] who tested the
acute toxicity of some imidazolium ILs on the microalga Scenedesmus obliquus (Turpin) Kützing and
obtained a strong anion dependence, with [PF6] and
[BF4] anions showing the highest toxicity and dimethyl phosphate, [DMP] the lowest. They also agree
with the results of Vekata Nancharaiah and Francis
[7], who also tested the toxicity of three imidazolium
ILs on Clostridium sp., a gram-positive, anaerobic,
nitrogen-fixing, fermenting bacterium, reporting that
the effect of the ILs was characterised by a retardation in growth with the amount of IL, even obtaining
a complete inhibition for the highest doses of some
ILs, except for [C1C1Im][DMP] which showed a minor effect. The lower toxicity observed with imidazolium ILs where the common anion is [DMP] suggests that the use of [C1C1Im][DMP] would be preferable to other imidazolium salts where other anions
are used.
As expected, in un-spiked (control) soils, soil
basal respiration was more intense in the soil with
high organic matter content (FOR) than in the soil
with low organic matter content (CROP) soil (Figure
2). Furthermore, while in the CROP soil the amount
of CO2-C emitted was almost constant during the
whole incubation period, in the FOR soil there was
an initial progressive increase in the amount of CO2C emitted until day 21 of incubation, being almost
constant thereafter until the end of incubation. In
both soils, the lowest amount of IL (1.92 g IL kg-1)
did not affect soil respiration, with both the amount
of CO2-C emitted and the time course of emission
being similar to those of un-spiked soil (Figure 2).
However, all the other doses of IL increased very

strongly the soil respiration and showed a peak in
CO2-C emission. This peak was progressively increasing with the amount of IL, up to 61.74 g IL kg1
, while for the two highest doses (92.61 and 123.45
g IL kg-1) tended to decrease with respect to this
maximum. In all cases, and similarly to what was observed by microcalorimetry, with increasing
amounts of IL the moment of the peak was progressively delayed. Moreover, in the soil with the highest
amount of organic matter (FOR soil) for the lowest
doses (12.35 to 61.74 g IL kg-1) the peak was very
sharp while for the two highest doses the peak was
not only very delayed but also very broad and the
increase in the amount of CO2-C emitted lasted for a
long period; in both cases there was a progressive
and strong increase of CO2-C emission followed by
a progressive decrease of this emission, reaching in
both cases similar amounts of CO2-C emitted as in
the un-spiked soil only after more than 100 days of
incubation. The behaviour of the CROP soil was
slightly different. Although also in this soil there was
a progressive delay in the appearance of the peak,
none of the spiked soils showed a sharp peak, but in
all cases the peaks were very broad (Figure 2). Moreover, in contrast to the FOR soil, in the CROP soil,
the soil with the highest amount of IL, the increase
in soil respiration was very low and there was no
peak, but rather the amount of CO2-C emitted, after
a progressive and slight initial increase, remained almost constant throughout the incubation and was not
much higher than in the un-spiked soil (Figure 2).
It seems clear, therefore, that very small
amounts of [C1C1Im][DMP] do not affect soil microbial activity, whether determined after addition of
glucose by isothermal microcalorimetry or by the
classical method of measuring basal soil respiration.
However, higher amounts of this IL lead to an increase in soil microbial activity, also in this case observed by the two methodologies investigated. This
increase in microbial activity shows a lag period,
which is longer the higher the amount of
[C1C1Im][DMP] added to the soil and, in the case of
higher doses of the compound, does not produce
such sharp peaks of activity, but is spread over time.
A similar latency period to that observed in this
study had previously been observed for these same
soils by the basal soil respiration method, with
ethylammonium nitrate (EAN) and lithium-doped
EAN [22] and by microcalorimetry for EAN and aluminium-doped EAN [23], although the information
provided by both methods had not been compared
for either of these liquids. This latency period is not
only observed with ILs, but has often been observed
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in different ecosystems after the addition of different
xenobiotic compound and is explained as reflecting
the time for preferential growth of specific degraders
[27] or consortia of degrading microorganisms [27]
to a level where their conversion of specific substrate
(degradation of the test compound) is detectable. In
the case of [C1C1Im][DMP], in addition, large
amounts of IL are added, which would explain why
the lag period increases with increasing amounts, as
observed with both methods (Figures 1 and 2).
It is also noteworthy that, although the amounts
of [C1C1Im][DMP] added to both soils were the
same, the increase in the amount of CO2-C emitted
in all spiked samples was much higher in the FOR
soil than in the CROP. The lower stimulation of respiration in the CROP than in the FOR soil after the
addition of [C1C1Im][DMP] is clearly observed if we
consider the accumulated CO2-C, i.e. the sum of
CO2-C emitted during the incubation, both the evolution through time (respiration kinetic) and the total
amount emitted at the end of the incubation. (Figure
3). As showed by the kinetic of soil respiration (Figure 2) the amount of CO2-C emitted during the 126days of incubation by the soil with the lowest dose
of IL (1.92 g IL kg-1) was similar to that of the control both in FOR and CROP soils. However, highest
amounts of IL strongly increased the amount of accumulated CO2-C, but this increase was not proportional to the dose and differed between the two soils,
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both in terms of the increase in the total amount of
CO2-C emitted compared to that emitted by the control soil and in terms of the amount of IL causing the
greatest increase in CO2-C emitted. Both in FOR and
in CROP soils the highest amount of accumulated
CO2-C was obtained for the soil with an intermediate
amount of IL (61.74 g LI kg-1), while the amount of
CO2-C emitted decreased for the two highest doses
of the IL, being this decrease especially important
for the highest dose (123.48 g LI kg-1) the CROP soil
in which the total amount of CO2-C emitted in the
126 days of incubation was lower than for all the
spiked soils (except the soil with 1.92 g IL·kg-1 in
which, as already indicated, the total amount of CO2C emitted in the 126 days of incubation was similar
total of the un-spiked soil). Thus, if we consider the
amount of CO2-C emitted in excess in soils with IL
versus soils without IL (CO2-C emitted by the soil
with IL minus the CO2-C emitted by the control soil)
in the soils treated with the two highest amounts of
IL, there is a strong reduction with respect to the previous concentration. Thus, in the FOR soil, the increase in respiration with respect to the control in the
soil with the two highest doses of IL was 83 and 69%
of that in the soil with 61.74 g IL-kg-1 soil, while in
the CROP soil these amounts were even lower, being
only 48 and 18% with respect to the increase in the
soil with the 61.74 g of IL kg-1. At the moment, we
have not found an explanation for this reduction, for

FIGURE 1
Power–time curves of Forest and Crop soils treated with all the doses of 1,3-dimethylimidazolium dimethylphosphate [C1C1Im][DMP] (0 to 92.61 g kg-1 soil) and expressed in Heat Power/mW g-1.

FIGURE 2
CO2-C emitted (mg CO2-C kg-1) by forest and crop soil spiked with different amounts 1,3-dimethylimidazolium dimethylphosphate [C1C1Im][DMP].
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FIGURE 3
Accumulated CO2-C emitted (mg CO2-C kg-1) by forest and crop soil spiked with different amounts of 1,3dimethylimidazolium dimethylphosphate [C1C1Im][DMP].
performed to explore these mechanisms and to improve the complementarity of both technologies.

the fact that it is more pronounced in CROP soil or
for the lower response of CROP soil to the higher
amount of [C1C1Im][DMP], although these different
patterns are possibly related to the differences in soil
biodiversity and ecological resilience of forest and
agricultural soils, which depend on many different
factors [29]. This underlines the need to further investigate the mechanisms of soil response to the
presence not only of [C1C1Im][DMP] kg-1, but also
of other ILs.
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CONCLUSION
In this work, two techniques were used simultaneously to measure the toxicity of ILs on microbial
activity in two soils with very different characteristics. Both methodologies, isothermal microcalorimetry and the classical method for measurement of soil
basal respiration, probed to be similarly sensitive to
the presence and the amount of [C1C1Im][DMP],
both in soils with high and low organic matter content. In addition, both methodologies showed a similar pattern of heat released and CO2-C emissions in
the IL-amended soils with the amount of IL and with
time (increasingly highest amount of CO2-C emitted
with increasing doses of IL up to reach a maximum
at intermediate doses; delayed peak of CO2-C emission; increasing delay in the peak appearance with
increasing amount of IL), showing that both methods
can be complementary in studies of the temporal
changes of microbial activity in soils amended with
different amounts of ionic liquids. The microcalorimetry, which is still under development in the field
of eco-toxicity determination, offers the advantage
of quick results and classical basal soil respiration
method, however, could provide information on the
mechanisms and processes occurring in the soil upon
addition of different amounts of IL as well as the response of soils with different management history
and/or organic matter content.
This possibility should, however, be further explored in future studies. Further studies should be
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COMBINED INVESTIGATION OF INDOOR
ENVIRONMENTAL CONDITIONS AND ENERGY
PERFORMANCE ANALYSIS OF AN OFFICE BUILDING IN
NORTHERN GREECE
Konstantina Gritzapi*, Giorgos Panaras
University of Western Macedonia, Department of Mechanical Engineering, Kozani 50132, Greece

are responsible for more than 35% of global final energy use and nearly 40% of energy-related CO2
emissions [2]. Thus, the European policy through directives and standards set objectives, such as energy
conservation, improvement of energy building performance and higher usage of Renewable Energy
Sources (RES), for the creation of nearly zero energy
buildings (nZEBs) [3] and generally of a sustainable
building stock until 2050. Ultimate purpose is the
creation of Positive (or Plus) Energy Buildings
(PEB) [4], mainly buildings of both prosumers
(PROdusers & conSUMERS) [5] and power supply
of energy surplus, which is produced by RES,
through a smart grid to neighbouring buildings with
lower energy performance; this innovative model
will be presented in the new edition of EPBD by
2026.
On the other hand, the indoor environmental
conditions are very important for occupant’s health
and well-being because people spend 60-90% of
their life in buildings [6], a trend that is increasing,
especially now due to Covid-19. In the latest version
of EPBD 2018/844 [3], besides strategies that save
and provide clean and affordable energy to citizens,
there are strategies that encourage the improvement
of thermal comfort to occupants, as well as the
healthy conditions of the indoor environment. In the
case of office buildings, occupants spend one third
of their day at workplace, thus the occupant’s dissatisfaction which is related to thermal comfort conditions and indoor air quality, could be leading to lack
of productivity and concentration [7].
According to recent energy inspections made
by the Ministry of Environment and Energy [8], 85%
of the public office buildings are classified in energy
classes C-G, which proves their age and low energy
efficiency. The largest portion of the annual primary
energy consumption is used for lighting needs with
an average annual consumption of 133.4 kWh/m2,
followed by cooling (115.5 kWh/m2) and space heating (114.0 kWh/m2). In addition, energy consumption in public office buildings is not significantly affected by the climate zone, since the difference in average annual consumption between cold and mild
climatic zones is only 10%. It is worth noting that
the energy source with the largest contribution to the

ABSTRACT
In the present work, the analysis of the energy
performance of an office building is presented; the
selected building is the Commercial and Industrial
Chamber of Kozani, in Northern Greece. The investigation aims to improve indoor environmental conditions, and reduce energy losses through the building envelope, as well as conventional energy consumption, while also generating energy from renewable energy systems, thus achieving an overall reduction of the corresponding CO2 emissions.
Dynamic simulation is implemented for the
analysis; more specifically, the building under study
is represented in Revit Autodesk, while the building
performance simulation is run in the Green Building
Studio (GBS). Moreover, experimental equipment
was placed in the building, to evaluate the actual
thermal comfort conditions, indoor air quality,
namely CO2 concentration, and lighting performance. The investigation concludes on energy interventions that improve thermal insulation, HVAC
systems performance and after all the energy efficiency of the building; total reduction of 41% regarding CO2 emissions is concluded. The proposed combination of indoor measurements and energy analysis offers the possibility of an integrated approach to
the conditions and performance of the building.

KEYWORDS:
Office building, Energy analysis, Indoor environmental
conditions, Dynamic simulation, Energy saving, RES

INTRODUCTION
The increasing energy demand and energy consumption respectively, is a significant issue globally;
both for rational and environmental use. The building sector (commercial, public services and household use) has the highest energy consumption in Europe, according to the data of Eurostat [1], which
represents the 41.7% of the final energy consumption. At the same time, buildings and construction industry (related to materials of building construction)
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energy balance of this building typology is electricity with 74.6%, followed by oil with 17.3% and natural gas with 7.7%, while solar energy, biomass, geothermal and other forms of RES have a negligible
contribution [8].
In the present work, an analysis of the energy
performance and indoor air quality of a specific office building is implemented. The methodology includes experimental investigation, through measurements of indoor environmental conditions, as well as
theoretical, through energy behaviour in Autodesk
Revit software. More specifically, the building under
study is designed and has the real structural elements
of its building envelope, through its design in Revit
and its energy performance simulation is performed
in Green Building Studio (GBS), an online platform
of Autodesk. Finally the results of the developed
model were validated with regard to actual energy
consumption data. The analysis of the measurement
data and the results of the energy model, allow the
identification and evaluation of interventions to upgrade the indoor environmental quality and the energy performance of the building.

Fresenius Environmental Bulletin

PICTURE 1
General view of the Commercial and Industrial
Chamber of Kozani
Building envelope. The structure of the examined building mainly consists of brickwork, concrete
and sand/cement screed. The building has a tiled roof
and single-glazed wooden openings. During the design of the building in Revit Autodesk, the data regarding to the geometric characteristics and the materials of layers of elements are entered; the software
according to thermal conductivity of each material
calculates the respective heat transfer coefficient U
[W/m2K] of each element. The comparison between
the results of the existing situation and the maximum
allowable values are provided by KENAK through
the Technical Directive of the Greek Technical
Chamber 20701-2/2017 [11] for D climate zone,
demonstrate that the insulation of building envelope
is thermally inadequate (Table 1). This is to be expected, as the building was erected before the implementation of the Greek Thermal Insulation Regulation (July 4, 1979). In addition, it is an old building
with unique official elements, its architectural plans,
without additional studies such as e.g., thermal insulation study.

MATERIALS AND METHODS
Location and description of office building.
The Commercial and Industrial Chamber (Picture 1)
is an old public office building and is located in the
city of Kozani, in Northern Greece. Kozani lies upon
the Western Macedonia region and its climate is
characterized as the coldest in Greece, due to its altitude (about 720 m). Thus, according to the Technical Directive of the Greek Technical Chamber
20701-3/2010 [9], Kozani is ranked on the coldest
climate zone D. It is a three-floored office building
with a total area of approximately 350 m2. It mainly
consists of office spaces and a large meeting and
presentation room, as well as kitchens, storage
spaces, W.C, halls and the thermal substation of district heating. In addition, the Chamber of Kozani operates during the whole year, Monday till Friday and
from 7 a.m. to 5 p.m.
Autodesk Revit, is a widespread BIM (Building Information Modeling) software, which allows
the reliable simulation concerning energy behaviour
of buildings, as it includes all the information of a
building, such as geometry, structural elements and
the spatial relationship between them, which make
up the construction and its properties (materials,
function, energy behaviour), in a three-dimensional
digital model. Such building modeling/visualization
tools use dynamic simulation tools to perform energy simulation and are particularly user-friendly. In
the present study, GBS, which is based on the DOE2 energy simulation software, is used as an energy
analysis tool [10].

TABLE 1
Comparison of heat transfer coefficients of elements of building envelope (U) with thermal insulation requirements of KENAK (U max)
Umax – KENAK
U
Elements
[W/m2K]
[W/m2K]
Exterior
2.01
0.4
walls
Floor
2.4
0.7
Roof
1.64
0.35
Exterior
2.19
2.6
doors
Windows
5.74
2.6
Installed energy systems. In principle, the examined building has significant requirements of
heating due to the special features of the coldest climate zone D and the low temperatures throughout
winter. On the other hand, it has negligible requirements of cooling due to the location and shading
from other buildings and high trees surrounding. In
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assessment of building envelope and how much it
protects its indoor conditions. It is worth noting that
the equipment was placed in areas of main use, so
that the measurements are representative for the normal operation of the building and to avoid interfering
with its proper operation.

addition, the requirements of domestic hot water
(DHW) are very low. Nevertheless, the lighting is
significant enough for an office building and should
be especially adequate.
In order to cover its requirements such as space
heating and water heating, the Chamber of Kozani
makes use of a district heating system. The Kozani
district heating system is supplied and operates with
thermal power received from three (3) Units of
nearby coal-fired (lignite) electrical power production station. The district heating system usually operates from early October to late May, depending on
the weather.
Previously, the building used an oil boiler to
serve its energy needs. The space cooling is achieved
with natural ventilation through the opening of the
windows and the doors, as well as the auxiliary use
of split air-conditioning units that are mainly in office spaces. In addition, lighting is provided by fluorescent light bulbs.

Energy analysis. After the design of the geometrical characteristics in Revit Autodesk, creation
spaces and thermal zones should take place. Building spaces and the respective energy requirements
differ between each other, according to its use. For
this reason, the thermal conditions are defined for
each space, e.g. heated or not, cooled or not, naturally or mechanically vented spaces. The choices for
this present assignment are presented in Table 3. In
thermal zones the heating and cooling set point could
be defined, as well as the humidification set point on
the respective periods. According to the Technical
Directive of the Greek Technical Chamber 207011/2017 [12], the recommended temperature and relative humidity for office spaces are 20°C and 35%
respectively for the winter season and 26°C and 45%
respectively for the summer season. The recommended light intensity is also 500 lux for office
buildings.

TABLE 2
Instrument position-indication and measuring
quantities
Measuring inMeasurestrument
Position
ments
Type
Code
Τ – RH –
HOBO
C
1st
InLI
Floor
door
TEୡ୭మ
C
(SE)
LAIRE
Office
OutSpace
HOBO
2
T – RH
door
Τ – RH –
Ground
HOBO
E
LI
Floor
In(NE)
TEdoor
ୡ୭మ
B
Office
LAIRE
Space
Ground
Floor
OutΤ – RH –
HOBO
D
(S) En- door
LI
trance

TABLE 3
Conditioned and unconditioned spaces
Spaces
Condition Type
Offices, Meeting
Heated & Cooled
room
W.C, Kitchens
Heated
Entrances - Halls
Naturally vented
Storages, Halls, TherUnconditioned
mal Substation
Significant parameters of energy analysis are
the building type, the building operating schedule
and the HVAC system as well. After the energy settings (HVAC systems, operating schedule), which
represent the actual operation of the examined building, the creation of the energy model (Picture 2) is
followed for the integration of energy simulation and
analysis. The energy simulation could also run
through the cloud-based service Autodesk GBS for
more details and various charts.

Experimental measurements of thermal
comfort and indoor air quality (IAQ) parameters.
The assessment of indoor conditions was based on
experimental measurements that took place during a
summer period, particularly throughout the week of
18 to 25/6/2018, with a recording frequency of 6
measurements per hour. The experimental equipment (Table 2) consisted of HOBO sensors which
recorded parameters regarding comfort conditions
such as the temperature (T) and relative humidity
(RH) of indoor air and the light intensity (LI), as well
as TELAIRE appliances which recorded the concentrations of carbon dioxide (CO2) for the estimation
of indoor air quality. In addition, HOBO sensors
were placed outside the building and recorded the respective outdoor values for comparative results and

PICTURE 2
3D view & energy model
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FIGURE 1
Air temperature of the office building throughout the measurement period
windows for natural ventilation which led to natural
cooling respectively.

RESULTS AND DISCUSSION
Parameters defining occupant’s comfort.
The results of the measurements, i.e., the temperature T, the relative humidity RH, the lighting intensity LI and the concentrations of carbon dioxide
Cco2, expressed in their mean, minimum and maximum values, concerning the interior and exterior of
the first floor and the ground floor are presented in
Tables 4 & 5 respectively.

TABLE 5
Measurements of indoor & outdoor air climate
parameters for ground floor
Ground Floor
Indoor space
Outdoor area
Parame- [HOBO E & TELAIRE
[HOBO D]
B]
ter
T [°C]
RH [%]
LI [lux]
Cco2[ppm]

TABLE 4
Measurements of indoor & outdoor air climate
parameters for 1st floor
1st Floor

Parameter

Indoor space
[HOBO C & TELAIRE C]
Mean

Min

Max

Min

Max

T [°C]
RH [%]
LI [lux]

22.5

21.1

23.8

19.3

16

25.2

54.7

43.4

68.6

56.3

33.7

80.9

69.9

11.8

177.4

-

-

-

Cco2[ppm]

430.3

355.3

898.7

-

-

-

Min
20.7
51.1
27.6
456

Max
22.6
67.2
31.4
1136.1

Mean
20.2
64.8
439.3
-

Min
16.7
42.7

3.9
-

Max
24.5
79.1
2085.3
-

Subsequently, the values of indoor air relative
humidity are higher than the recommended (45%),
as well as the mean value is nearly 58%, as shown in
Figure 2. One cause of the higher RH values is the
lower temperature compared to the relative comfort
range. The fluctuations of the early and late operation confirm the open windows. In any case, the observed values are considered acceptable according to
the proposed thermal comfort limits [13]. It is also
observed that during the day, with the presence of the
sun, the humidity of the environment decreases in
contrast to the night hours which are at high levels.
The existing lighting system is considered inadequate, as well as the light intensity does not approximate the recommended value of 500 lux for office spaces. The fluctuations of light intensity shown
in the first floor office prove the effect of the sensor’s
position, as well as the measurements affected by
daylight. As observed in Figure 3, the light intensity
does not change significantly throughout the weekend, while the building is out of order, and that
proves the continuous operation of lighting system.

Outdoor area
[HOBO 2]
Mean

Mean
21.7
61.5
206.5
581

As shown in Figure 1, the temperature during
the operation of building is in the range of 21-24°C,
which can be considered acceptable in terms of thermal comfort [13]. The temperature difference between the ground and first floor space is 1°C, fact
which was affected by the position of the sensor. Particularly, the sensor of the first floor (HOBO C) was
near a window and got higher thermal load due to the
glass frame. In addition, the temperature fall was observed by the early operating hours due to the open

8462

© by PSP

Volume 31– No. 08A/2022 pages 8459-8466

Fresenius Environmental Bulletin

FIGURE 2
Air relative humidity of the office building throughout the measurement period

FIGURE 3
Light intensity of office spaces throughout the measurement period
According to ASHRAE [14], the difference between the indoor and ambient CO2 concentrations
shouldn’t exceed over 700 ppm. Outdoor CO2 concentrations are usually in the range of 300 to 500
ppm, therefore the recommended upper limit fluctuates from 1000 to 1200 respectively. It is worth noting that CO2 is not a toxic substance, however at very

high concentrations, above the maximum permissible long-term exposure limit (reference time: 8
hours, i.e. daily exposure to the workplace) of 5000
ppm [15], it can be a hazard for human health. Generally, the inadequate ventilation effects occupants,
causing headaches, breathlessness, vertigo, exhaustion, lethargy, tearfulness, lack of concentration,
known as the Sick Building Syndrome (SBS).

FIGURE 4
CO2 concentration of the office building throughout the measurement period
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haust fumes. During non-working hours, CO2 concentrations fall to relatively low levels, causing them
to equalize or be slightly higher than the corresponding atmospheric ones. The main reason for the low
values is the absence of people, while the differences
between the two spaces are mostly due to the different degree of uncontrolled natural ventilation
(through the openings) or unwanted ventilation, i.e.,
uncontrolled air penetration (through cracks) during
of the night.

The measurements (Figure 4) do not exceed the
permissible limits; thus satisfying the occupant’s
comfort conditions and proving the adequate and frequent ventilation of spaces. The presence of more
occupants on the ground floor leads to higher CO 2
concentrations in contrast to the first floor which is
only used by one person. Only the fourth day measurements for ground floor space exceed the value of
1000 ppm, as observed in the following figure. That
may be due to crowd presence, inadequate natural
ventilation and external factors, e.g., smoke and ex-

(a)

(b)
FIGURE 5
Annual simulation energy consumption: a. per energy source b. comparison with actual data
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Proposed interventions. The following interventions are suggested to improve the building envelope and the existing lighting system, as well as the
integration of Renewable Energy Systems (RES);
contributing to reduce the primary energy consumption and CO2 concentrations.
- The replacement of windows with aluminum
frame and double low-E (low-emissivity) glazing;
their heat transfer coefficient is equal to Unew_win2
dows=2.21 W/m K according to Revit results. The decrease of heat flow is achieved due to thin coatings
of tiny metallic elements such as silver oxides on the
surface of glazing. With this implementation the reduction of energy consumption order of 17.1% is
achieved.
- Roof waterproofing and lightweight insulation (old building-low resistance to additional loads
on the overall construction); the addition of thermal
plates with thickness equal to 0.05 m, will improve
the
respective
heat
transfer
coefficient
[Unew_roof=0.33 W/m2K] and reduce the energy consumption by 8.2%.
- The installation of digital timers for the complete control of indoor and outdoor lighting, as well
as the operation of appliances for energy saving.
- The replacement of the existing conventional
lamps with led lamps which consume lower electricity, live five times longer and don’t contain mercury
(Hg); this upgrade could reduce the energy consumption almost to 43% and improve the light intensity (at least 500 lux) significantly.
- The installation of photovoltaic (PV) systems
for covering the 60% of the electrical consumption
(namely loads for cooling, lighting and equipment);
this proposal requires 16 panels with a total surface
area of 26m2, which could be installed on the inclined roof of the building at the South orientation.

Energy analysis. After the run of the building
performance simulation in the GBS, the exported results of energy analysis are presented in Figure 5a;
more specifically, this presents the annual energy
consumption in use, as well as energy source. It’s remarkable that 72% of the consumed energy regards
to cover the heating needs of the building. According
to the Technical Directive 20701-1/2017 [12], the
primary energy consumption and the pollutant emissions of CO2 are estimated as 199.1 kWh/m2 and
81.5 Kg CO2/m2 respectively. As shown in Figure
5b, the actual district heating consumption is almost
equal to the simulation result, while a difference order of 28% in electricity consumption is observed;
due to the lower requirements for space cooling (climate zone D) and the main use of natural ventilation.
It is worth noting that the experimental measurements were utilized during the execution of the
energy analysis, as the results of the parameters T,
RH and LI were taken into account, as real data, in
the settings of the respective parameters for the cooling and lighting loads of each thermal zone. It should
be noted that the number of measurements was not
extensive; however it provided a useful reference
level.
Furthermore, according to the Ministry of Environment and Energy [8], the statistical analysis
throughout the period 2011-2018 presents that public
buildings have main requirements for covering heating and lighting needs; the mean annual energy consumption of public buildings for heating is equal to
126.48 kWh/m2, while the relevant consumption of
the examined building is estimated as 114.2 kWh/m2.
Figure 6, presents the mean annual primary energy
consumption of office buildings throughout the period 2011-2018 and the respective predicted consumption of the simulated building as well.

(a)

(b)
FIGURE 6
Annual primary energy consumption per use regarding to office buildings: a. Literature b. Simulation
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Papadopoulos, A.M. (2017) Evaluation of Thermal Sensation in Office Buildings: A case study
in the Mediterranean, Procedia Environmental
Sciences. 38, 28-35.
[8] Ministry of Environment and Energy – Special
Secretariat for the Environment and Energy
Inspectorate, Petroliagi, M. (2020) Energy
inspections – Statistical Analysis for 2018 and
throughout the period 2011-2018.
[9] Greek Technical Chamber (2010) Technical
Directive 20701-3: Climate data for Greek
Areas.
[10] Hashempour, N., Taherkhani, R., Mahdikhani,
M. (2020) Energy performance optimization of
existing buildings: A literature review,
Sustainable Cities and Society. 54.
[11] Greek Technical Chamber (2017) Thermo
physical properties of building elements and
control of the thermal insulation competence of
buildings. Technical Directive 20701-2.
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[13] ANSI/ASHRAE
(2020)
Thermal
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Conditions
for
Human
Occupancy. Standard 55-2020.
[14] ANSI/ASHRAE
(2018). ANSI/ASHRAE
Addendum d to ANSI/ASHRAE Standard 62.12016: Ventilation for Acceptable Indoor Air
Quality. Pages 1-2.
[15] Health and Safety Executive (2020) General
hazards
of
Carbon
Dioxide.
https://www.hse.gov.uk/carboncapture/carbond
ioxide.htm (Accessed date: 30/04/2021)

CONCLUSION
The results of the economic analysis, concerning the indoor environmental conditions and energy
performance improvement of the studied building,
indicate a pay-back period of almost 5.5 years. This
period is characterized quite sustainable considering
its three main dimensions; environmental, economic
and social aims. More specifically, these measures
could reduce the operating cost and save considerable amounts of energy; the reduction of annual primary energy consumption order of 44% and annual
emissions of CO2 by 41% respectively would be possible through their implementation. Thus, the high
potential energy saving of buildings is confirmed
and significantly improving their energy efficiency
at the same time. Finally, optimization algorithms
can be important in selecting the appropriate energy
upgrade solutions, in combination with the methodology just presented, contributing significantly to the
energy upgrade of the building stock, in accordance
with the requirements of the EU, taking into account
the important factor of the conditions of a sustainable indoor environment.
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of their electricity from low-carbon energy sources
(about 58%), half from renewables and half from
nuclear.
Most of the nuclear-related planned activities in
the short and medium term in the UE deal with
reactor safety, nuclear fuel cycle, waste and
decommissioning. The back-end of the fuel cycle
will need increasing levels of attention: it is
estimated that more than 50 of the 129 reactors
currently in operation in the EU are to be shut down
by 2025/2030. Based on the latest information
provided by Member States, the largest 20 European
nuclear operators estimated that nuclear
decommissioning, radioactive waste management
and disposal will be “the main question” until 2050
in the EU. The recent Communication on the
Integrated Strategic Energy Technology Plan (SETPlan) further details that the priority for nuclear
energy is to support the development of the most
advanced technologies to maintain the highest level
of safety in nuclear reactors and to improve the
efficiency of operation, the back-end of the fuel
cycle and decommissioning.
In fact, the rapid rise in nuclear energy use
outside the EU (China, India, etc.) also means that
the EU needs to maintain its global leadership and
excellence in the technology and safety domains,
also via the development and finalization of the
ITER project, a first-of-a-kind nuclear fusion device
being now built in France and aimed at the
technological demonstration of fusion power
reactors with cutting-edge technology [1].
In the US, the ARC (Affordable Robust
Compact) reactor – Figure 1 – is a tokamak design
developed by a research team at the Plasma Science
and Fusion Center of the Massachusetts Institute of
Technology with a specific goal: to take advantage
of the best technologies nowadays available in order
to build a commercial fusion reactor in the nearest
future [2]. This project could actually put again the
US at the lead of nuclear fusion technology, a field
in which, for the moment, EU is the leader.

ABSTRACT
The rapid rise in nuclear energy use outside the
EU (China, India, etc.) also means that the EU needs
to maintain its global leadership and excellence in
the technology and safety domains, also via the
development and finalization of the ITER project, a
first-of-a-kind nuclear fusion device being now built
in France and aimed at the technological
demonstration of fusion power reactors with cuttingedge technology. Some of the relevant activities in
these fields, carried out by our research group will
be briefly reported. Waste management and
radioactive safety studies for advanced fission and
fusion power plants. Experiments and models for the
safety characterization of blanket liquid breeders and
materials: tritium inventory, transport and
measurements. Development of compact high-field
advanced fusion reactors (ARC project). Behaviour
of nuclear materials under irradiation: neutroninduced radioactivity, radiation damage.

KEYWORDS:
Nuclear energy, environmental impact, safety, EU energy
programme, nuclear fusion, ITER

INTRODUCTION
Nuclear energy is part of the energy mix of half
of the EU Member States. In those countries that
choose to use it, nuclear has a role to play in ensuring
the security of electricity supply. In this context, the
Energy Union Strategy and the European Energy
Security Strategy stressed that Member States need
to apply the highest standards of safety, security,
waste management and non-proliferation as well as
diversify nuclear fuel supplies. Doing so will help
achieve the objectives of the 2030 climate and
energy framework.The EU is currently one of the
three major economies that generate more than half
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FIGURE 1
ARC fusion reactor layout [2]. Numbered items indicate components as follows: 1: plasma; 2: New
redesigned divertors; 3: Copper trim coils; 4: High temperature superconductors (HTS) poloidal field
coils, thanks to which, plasma is shaped in the divertors; 5: FLiBe blanket, works both as a thermal and
neutron shield from neutrons; 6: HTS toroidal field coils, to shape plasma in the toroidal portion of the
vacuum chamber; 7: HTS central solenoid, for inductive startup; 8: Vacuum vessel; 9: FLiBe tank; 10:
electrical joints in toroidal field coils
As underlined by European research and
industrial stakeholders, retaining technological
leadership in the nuclear field is possible only if
interested Member States maintain diverse and
sufficiently funded nuclear research capabilities [3].
However, it will not be easy for Europe to retain
leadership in all areas in view of the significant
increase in nuclear generating capacity in other
regions of the world. This underlines the importance
of cooperation at European level, especially in areas
such as the expertise on safety of advanced and
innovative reactors. Energy, environment and
sustainability.
The ITER project is a key step on the way to
establishing fusion's future role in energy scenarios
after 2050: the EU has a leading role in ITER, that
will have to be maintained.

coils, coupled with the advantages of additive
manufacturing make ARC extremely flexible,
because components can be readily replaced in case
of accidents. Finally, ARC is designed to directly
connect to the grid as a load following power plant.
The research activities ongoing at Politecnico
di Torino, DENERG Department, are:
x irradiation effects on materials under ARC
relevant operating conditions;
x neutronics analysis for tritium breeding and
magnets shielding;
x radiation induced activation analysis;
x safety analysis.
As far as the irradiation effects on materials
under ARC relevant operating conditions and
neutronics analysis for tritium breeding and magnets
shielding are concerned, a neutronics model has
been developed to support the design of plasma
facing components, and reactor inner structures. The
model has been built taking advantage of the Monte
Carlo neutron transport code OpenMC, developed at
MIT. It is a simplified, fast-running model aimed to
ease the parametrization of the design features of
ARC. The reference toroidal geometry has been
reduced to an axisymmetric cylindrical geometry
with concentric hollow cylinders. Each cylinder
represents a different material from the first wall to
the external tank wall. Particular attention has been
paid on the structural material, which is Inconel 718
as baseline configuration. The main relevant aspects
such as fluxes, first wall surface, and tritium
breeding ratio (TBR, figure of merits that guarantees

RESEARCH ACTIVITIES ON ARC FUSION
REACTOR: MATERIALS, RADIOACTIVITY
AND SAFETY
The Affordable, Robust, Compact (ARC) [2]
reactor is a new generation of fusion reactor under
development at Massachusetts Institute of
Technology (MIT). ARC project final goal is to show
a new path to a clean, fast and cheap fusion energy,
exploiting the most advanced solutions in plasma
heating, superconducting magnets, additive
manufacturing,
materials
and
diagnostics.
Innovative design choices, such as the joints in HTS
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• Tritium inventory in the FLiBe tank;
• Tritium inventory in the tritium extractor;
• Tritium extractor technologies assessment;
• Generic site selection and identification of
the Most Exposed Individuals (MEI);
• Early dose and one-year dose to the MEI
following an accidental release.
After the quantification of tritium inventory in
these systems, the possible consequences of an
accidental scenario have been investigated.
A generic site for ARC has been identified: the
closest residents are located at 800m from the release
site. Finally, the dose to the population is computed
through specific tritium transport (GENII-v2) and
health physics codes (HotSpot)
The early dose is of the order of ͳͲିଶ mSv per
event, well below safety limits. Similarly, the oneyear dose is much lower than the suggested value by
the ICRP ʹͲ െ ͳͲͲ݉ܵݒ. Therefore, it can be stated
that the radiological hazard of ARC is minimal.

the tritium self-sufficiency) have been checked to be
coherent with reference design. The results show that
an Inconel 718 structure would need an additional
neutron multiplier component (e.g. Beryllium), for
this reason other alloys behavior has been
investigated. V-Cr-Ti alloys have been identified as
the most promising structural materials in terms of
nuclear properties. In fact, V-Cr-Ti alloys enhance
the core neutron economy without the need of
additional neutron multipliers. The application of
such alloys has allowed exploration of different
liquid breeders other than the baseline FLiBe one
(FLiNaK, FLiNaBe, LiF-LiBr-NaBr, L iF-LiBr-NaF,
LiF-LiI, L iF-NaF-ZrF4, pure-Li, PbLi) with
different degrees of lithium enrichment. Despite
most of the mentioned compounds would be able to
reach a satisfying TBR, FLiBe still shown the best
fit in a compact fusion reactor, especially in terms of
inner structural damage and outer magnets shielding.
Furthermore, the model highlighted that a very high
enrichment of Lithium-6 in the breeder is not
particularly necessary to achieve a sufficient TBR.
However, a dedicated component for a more
effective neutron shielding on the magnets is
recommended.
Subsequently, a radiation induced activation
analysis has been carried out by means of FISPACTII tool. A first analysis involved the investigation of
different blankets (FLiNaK, PbLi) in addition to the
reference one (FLiBe). The baseline lithiumberyllium-fluoride molten salt has shown the best
behavior reaching a satisfying limit in terms of
radioactivity after a few decades of cooling time.
Future studies will involve the implementation of
possible impurities. A second analysis involved the
activation of structural materials. Ones again, V-CrTi alloys show a promising behavior. More
specifically, assuming the application of
optimization techniques, they could be completely
cleared after a couple of decades of cooling time.
Lastly, the simulations have confirmed that in ARC
one of the most concerning aspect of radiation
damage is represented by gas transmutation.
From the safety viewpoint, tritium is one of the
main concerns in a fusion reactor: the FLiBe liquid
breeder carries most of the tritium produced in the
whole FLiBe loop, until it is removed by the tritium
extractor. Once extracted, tritium is sent to the
tritium plant to be processed, together with the
purified tritium from the reactor exhaust. Finally,
fuel pellets are produced in the fueling system, and
the tritium cycle starts again. The tritium presence
can be considered almost ubiquitous. A fraction of
this tritium may be released following a system
failure. Thus, estimating tritium inventories in
different systems is a mandatory step to assess the
radiological hazard of a fusion reactor. For ARC, the
preliminary studies have been focused on the FLiBe
tank and the tritium extractors. The analysis has been
performed according to the following steps:

EXPERIMENTS AND MODELS FOR THE
SAFETY
CHARACTERIZATION
OF
BLANKET LIQUID
BREEDERS AND MATERIALS
In the Water-Cooled Lithium-Lead (WCLL)
Test Blanket Module (TBM) of ITER, one of the
most compelling issues is the tritium management
and, in particular, an accurate and reliable estimate
of tritium inventory in the liquid lithium-lead
breeder (LiPb, 15.7 at. % Li) and in the structural
materials, as well as the prediction of tritium
permeation into the coolant and towards the external
environment [4]. Historically, the measurement of
hydrogen isotopes (Q=H,D,T) solubilized in LiPb
has been performed using off-line processes [5].
However, over the past two decades, ENEA C. R.
Brasimone, in collaboration with Politecnico di
Torino, has been developing hydrogen isotopes
permeation sensors (HPS) [6-8] for an in-process,
near real-time tritium measurement in both liquid
phase and gas phase. Moreover, due to the low
solubility of hydrogen isotopes into the LiPb, an
important matter of research regards some key
properties of the liquid metal, e.g. the Sieverts'
constant, which, despite several experiments have
been carried out in the past, is characterised by
significant uncertainties up to several orders of
magnitude due to different methods of measurement
[9].
In order to have a laboratory-scale device for
the qualification and characterisation of HPS in
stagnant lithium-lead and to measure the Sieverts'
constant in LiPb, an upgrade of the HyPer-QuarCh
(Hydrogen
Permeation
Quartz
Chamber)
experimental device is hereafter presented. HyPerQuarCh II is a laboratory scale apparatus whose
scope is to investigate the hydrogen isotopes
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pressure transducer (200-PT-1101) and the
connection to the helium leak detector to allow
leakage tests. The pumping system is constituted by
a roots pump (200-1101) which realizes the rough
vacuum for the turbomolecular pump. This pumping
system can be intercepted by means of the 200-FV1101 bellows sealed valve. The roots pump was
chosen due to its dry rotating parts, preventing any
possible oil contamination in the facility
The test section is realized in quartz glass due
to the low permeability of this material to hydrogen
isotopes. The quartz chamber is 26.5 cm height, with
an external diameter of 15.5 cm and a wall thickness
of 1.5 cm. In the upper part of the chamber, a
connecting flange of 20 cm OD is coupled to an
upper flange hosting three sleeves. The seal between
the flange and the room is ensured by an O-ring
made of nitrile rubber, resistant up to 150 °C. One of
the sleeves is connected to a DN 40 CF cross hosting
the instrumentation for the chamber, constituted by
two capacitive pressure transducers (200-PT-1102,
200-PT-1103) and a thermocouple used to monitor
the temperature in the upper part of quartz chamber
and in proximity of the sealing. Inside the
permeation chamber, a tungsten crucible containing
the lithium-lead pool is positioned. To reduce the
internal volume of the chamber, a filling cylinder
equipped with a through hole to allow the passage of
the sensor is placed above the crucible. In this way,
the volume was reduced by 44% with the adoption
of the filling cylinder. The test section is heated by
means of a 500 W infrared collar in quartz with a
gold shielding to collimate the electromagnetic
radiation.

behavior in LiPb and the permeation technology.
The device is constituted by 6 different subsystems
hereafter reported: Sensor line, Launch volume and
test section, Gas storage line, Gas service line,
Discharge line, Calibration line. (see Figure 2, the
nomenclature was chosen according to ISA 5.1-1982
(R1992)). The sensor line is constituted by the 100QE-1101 helical-shaped hydrogen isotopes
permeation sensor realized in 99.5% pure α-iron and
all the connections up to its vacuum pumping
system. A high-precision (±0.15% on the measured
value) capacitive pressure transducer, label 100-PT1102, is installed just before the interception gate
valve 100-FV-1102 and it is able to read the pressure
due to the hydrogen isotopes permeation in the range
0.01-110 mbar. The rest of the line accounts for a
quadrupole mass spectrometer (100-UR-1101) able
to read the gas concentration in the range 1-50 amu
by using a Faraday/C-SEM detector and a capacitive
pressure transducer 100-PT-1101 operating between
1ڄ10-5-110 mbar. It is essential that the sensor line,
when the read the gas concentrations is needed, is
kept below 10-5 mbar in order to correctly operate the
mass spectrometer. The quadrupole mass
spectrometer and the pressure transducer can be
intercepted by means of an electro-pneumatic valve
(100-FV-1101) from the pumping station 100-1101,
constituted by a diaphragm pump and a
turbomolecular pump.
The launch volume was conceived to heat the
mixture argon/hydrogen or deuterium up to 450 °C
prior to its insertion into the test section. The
instrumentation is installed through a DN 40 CF
cross which hosts the internal thermocouple for the
gas temperature measurement, the full range
.

FIGURE 2
Synoptic of HyPer-QuarCh II experimental device.
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membrane thickness and ுమ [Pa] is the partial
pressure at the high-pressure side of the membrane.
Basically, if ܹு ͳ ب, the permeation regime is
diffusion-limited, if ܹு  ͳ اthe regime is surfacelimited; the mixed regime is characterized by ܹு ൎ
ͳ. For the present applications, the permeation
regime is surface-limited for both gas and liquid
phase tests. Details on the mathematical aspects of
the HIT code can be found in [11]. A liquid phase
test was performed by completely submerging the
hydrogen permeation sensor into the LiPb pool. The
total pressure of Ar-H2 mixture was about 250 mbar.
The test was conducted for 5 hours and then stopped.
The HIT code for liquid phase test gives the trend
reported in Figure 4, showing a good agreement with
the experimental data.

The gas lines 300, 400, 600 are devoted to the
supply of the Ar-H2 mixture (calibration bottle,
2.99% H2), the D2 gas and the He gas to the system.
Two mass flow controllers 400-FIC-1101 and 400FIC-1102 are used to inject Ar-H2 or D2 and He to
the system, respectively. The injection of gas into the
launch volume is also controlled through a
millimetric gas dosing valve in order to have a
double control on the gas admitted. The line 500 is
used to discharge the gas into the atmosphere by
means of the ball valve 500-FV-1101. The helium
bottle is connected through a tee to the sniffer in
order to perform leakage tests. The different type of
gas to be injected into the launch volume and then
into the quartz chamber can be selected by opening
or closing the 400-FV-1101 and 400-FV-1102
bellows sealed valves. A by-pass before the 400FIC-1101 mass flow controller was installed in order
to provide the Ar-H2 mixture to the mass
spectrometer with the purpose of calibration. The
calibration line, 600, is equipped with a diaphragm
valve which separates it from the sensor line. Finally,
the full system assembly is shown in Figure 3.
Despite the experimental campaign is still
ongoing, a permeation test was performed in liquid
phase in order to have a preliminary validation of the
computational code developed for the analysis of the
transient pressurization of the internal chamber of
the hydrogen isotopes permeation sensor, to be used
in the measurement of the Sieverts’ constant. The
Hydrogen Isotopes Transport code was developed
for permeation sensors working in equilibrium
mode. In this operational mode, starting from the
vacuum condition, there is an increase in pressure
inside the capsule of the sensor due to the flow of
hydrogen permeated through its walls. The variation
of pressure inside the capsule subsists until the
pressure inside the capsule equals the partial
pressure of hydrogen permeating from outside. The
HIT code was developed taking into account the
different permeation regimes. The key parameter to
identify the regime condition is the permeation
parameter [10]:
݇ ݇ ڄ௦
(1)
ܹு ൌ
ݐ ڄ௦  ڄඥுమ
ܦு
4
-1 -1
where ݇ [m mol s ] is the recombination
constant, ݇ௌ [mol m-3 Pa-1/2] is the Sieverts’ constant,
ܦு [m2 s-1] is the diffusion coefficient, ݐ௦ [m] is the

FIGURE 3
Full system assembly of HyPer-QuarCh II
experimental device.

FIGURE 4
Liquid phase test

TABLE 1
Activation results from Fispact-II calculations: YBCO insulator, 12.5 y irradiation
Total Activity
5.03 105 Bq
Total Heat Production

8.18 10-11 kW

Neutron Flux During Interval

4.36 109 n/cm2s

Total Displacement Rate (N,Dtot)

1.20 10-4 DPA/year

KERMA Rate (N,Ktot )

1.63 10-8 kW/cm3

Appm of He4 – He3

4.65 10-2 - 2.28 10-7

Appm of H3 – H2 – H1

6.09 10-7 - 4.92 10-4 - 1.07 10-2
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ARC TOROIDAL
FIELD COILS IRRADIATION STUDY
ARC foresees the adoption of High
Temperature Superconductors (HTS) – specifically
the REBCO, Rare Earth Barium Copper Oxides [12]
in the toroidal field (TF) and poloidal field (PF) coils
allowed a significant size reduction of the design.
Among these REBCOs, the YBa2Cu3O7 (YBCO) has
been selected because of their performances at 4.2 K.
Their radiation damage under neutron irradiation has
been estimated: according to these results, REBCO
placed in the nearest region to the plasma should last
at least 12.5 Full Power Years without experiencing
significant radiation damage.
The aim of this study is to develop a model able
to predict the behavior of REBCO superconductors
while they are working at the nominal conditions
considered in the design of the ARC reactor. More
specifically, the model foresees to investigate on
their radiation damage when different types of alloys
are adopted as structural material for the first wall
and the tank. A set of four alloys has been
considered: the Inconel-718, the current design of
the reactor, two Vanadium alloys, and an ODS steel
because of their superior creep resistance even at
temperatures above 1073K. The model adopts a
MonteCarlo code, OpenMC for the neutronic
transport solution, followed by an activation analysis
by means of the code Fispact-II. The goal is to
estimate the radiation damage caused by neutron
irradiation during normal operation condition,
through the evaluation of the DPA (Displacement per
atom), He production, energy deposited in the matrix
(KERMA).
Preliminary results – shown in Table 1 –have
been used to refine the neutronic model and as a
benchmark for the upcoming results; they appear to
be consistent in terms of DPA and He production
with the ones shown in the work of Kuang et al. [13].
We expect though to validate them with the
upcoming ones.
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more robust and less human operator usage, among
other methods. DL is used with remotely sensed data
for land-use classification [1], semantic segmentation [2, 3, 4], object detection [5, 6, 7] applications.
Monitoring of urban district areas and information extraction about buildings is an essential
topic. Remote sensing imagery and airborne spaceborn systems are very proper for this kind of investigation and analysis. In another study, it is extracted
building areas using differently as Random Sample
Consensus (RANSAC) on LiDAR points and Object-Based Image Analysis (OBIA) in satellite imagery, then compared the results [8]. For building extraction studies data of challenges or commonly
shared datasets can be preferred use. Developing
new methods or conducting the classification and accuracy assessments of these datasets can be used
conveniently. There are several datasets for building
class: ISPRS 2D Semantic Labeling [9], Massachusetts Buildings Dataset [10], and much more. Different spatial resolutions (high, medium, etc.) and various space-borne sensors (radar, hyperspectral or
multispectral imagery and laser) can be preferred for
building extraction and classification. Besides, numerous methods have conducted these data types according to the product scale and other specifications.
If building monitoring studies have different
sources or coordinate systems such as printed maps,
cadastral maps, aerial photos (with image coordinate
system), the transformation can be needed. Transformation methods can be conducted for studying in
the same systems with Helmert or 1st order polynomial transformation methods [11]. Furthermore, if
the study has multi-temporal data, change detection
can be applied[12] for built-up areas in the test sites.
In the literature, building detection studies are
in large quantities. In reference, orthophoto and lidar
data fusion is used and the accuracies are calculated
using a proposed method with Convolutional Neural
Network (CNN) [13]. Nahhas et al., spectral and texture features of orthophoto and shape, DEM features
of LiDAR are also used to detect buildings with and
without dimension reduction [13].
In another study, building class is classified using different machine learning algorithms and it is
examined the effect of feature importances in diverse
public shared data sets [14].

ABSTRACT
Land-use changes generally are becoming
through to urban classes from natural land cover
classes. Remote sensing is a standard technology for
such monitoring systems. On the other hand, automatic or semi-automatic applications are becoming
broader and broader in most fields with development
artificial intelligence over time. Building extraction
from aerial photos and satellite imagery through
deep learning is a new era for observing planned and
unplanned urbanization, land-use changes. Besides
traditional image-process methods such as supervised and unsupervised classification, deep learning
presents a robust and needs less operator process. In
this experiment, a commonly shared dataset is used
and the sensors are QuickBird, Gaofen-2,
WorldView2 with a resolution of 0.6, 0.8, 0.5 meters. Bands are Red, Green, Blue, and Near-Infrared.
The dataset was split into train, test, validation, and
test parts. Deep learning approaches were conducted
to the dataset of different Deeplabv3+ CNN models
based on Xception, Resnet-50, ResNet-18, MobileNetv2 networks. The optimized parameters were
determined by selecting variations of the training options (different batch sizes, epoch numbers, backbone types, etc.). In the training phase, validation
info as training and loss functions were considered.
After the training process, the test phase was conducted, and evolution metrics were calculated as
mean F1 score, precision, recall, IoU, and global accuracy. According to the results, the models based
on ResNet-18 network were yielded better among
others. Results were shown as tables and evaluated
quantitatively also with time performances of the
models.

KEYWORDS:
Automatic building extraction, Land-use classification,
Semantic segmentation, CNN

INTRODUCTION
Observing the urbanization spread is one of the
crucial topics for environmental monitoring and applications. Deep Learning (DL) applications propose
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images come from seven provinces (Eastern, Northwestern, Southern, and middle Chinese regions) images. These remotely sensed images are very highresolution remotely sensed imagery (VHRRSI) [11].
In total, 57 images of these patches are 512 x 512
pixels. Additionally, each patch has ground truth
(GT) data for building and non-building classes. The
dataset includes two band combinations (Near InfraRed (NIR), Red and Green channels; Red, Green,
Blue channels), GT image, ROI, and xml files. In
Figure 1, some images of the datasets are shown.
It gives an advantage due to separating buildings from the other land use and land cover classes
in the images via using the NIR band. In Table 1, it
is calculated building and clutter (non-building classes) in the means of pixel counts of classes and class
weights according to GT data.

In the reference, in very high-resolution images, used DL and guided filters for extracting buildings [15]. In the study, guided filters help optimize
deep learning classification results and remove the
salt-pepper effect [15].
In the reference, Wuhan University Building
Extraction Dataset (WHUBED) dataset [16] is used
for building extraction using multiscale filtering and
F1-score, precision-recall values are calculated [16].
This study aims to building extraction by using
different deep learning models in different spatial
resolution images. Predicted images of the building
class were visualized as the difference between
ground truth and predicted ones with selected test
images for each deep learning model. At the end of
the study, the evaluation metrics are calculated as
overall accuracy, F1 score, and Intersection of Union
(IoU) for DL models and building and clutter classes
individually. Additionally, the training time of the
models is compared and shown in tables.
In the experiments, WHUBED was used for semantic segmentation of buildings. In the literature,
this dataset contains 57 different spatial resolution
images (31 images pan-sharpened). Also, the dataset
has 7 different Chines region imagery and the sensors are QuickBird, Gaofen-2, WorldView2 with
spatial resolution of 0.6, 0.8, 0.5 meters. Spectral
bands are Red, Green, Blue, and Near-Infrared.

TABLE 1
WHUBED Dataset Class Statistics
Class Name
Pixel Count
Class Weights
Building
2120504
0.162
Clutter
10986696
0.838
In the study, the training process was realized in a
computer with a 2.5 GHz Intel Core i7 processor, 16
GB 1600 MHz DDR3 memory, Intel Iris Pro 1536
MB graphics card. In methodology, Deeplabv3+
[17] CNN models based on different networks are
used. These networks are ResNet-18 [18], ResNet50 [18], MobileNetv2 [19] and Xception [20] networks used for building extraction. As data, threeband combination (NIR, Red, Green channels) images are used. In Figure 2, selected test images are
shown with GT.

MATERIALS AND METHODS
In this study, WHUBED is used for extracting
the buildings in different spatial resolutions of satellite imagery. The dataset includes 31 pan-sharpened

FIGURE 1
Some Samples in Wuhan University Building Extraction Dataset (WHUBED)
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FIGURE 2
Test Image 1, Test Image 2, and Test Image 3 (upside), GT of Each Test Image (down)

FIGURE 3
Encoder decoder structure of DeepLabV3+ [12]
In Figure 3, it is shown the encoder-decoder
structure of DeeplabV3+. DeeplabV3+ models can
be used in a variation of being based on other CNN
networks, as well. In Table 2, after the testing phase,
the network results are compared evaluation metrics
for two classes: building and clutter through overall
accuracy, F1-score, mean Intersection of Union mean
IoU. In Equ. 1, IoU and Equ 2, F1-score [22] is explained. Mean IoU and mean F1 are the averages of
the calculated values for classes.

 ܷܫൌ
(1)

In semantic segmentation applications, 1 Dimension (D), 2D, or 3D CNNTss can be preferred up
to study requirements and aims. The models are
trained according to GT data, and the model performances can be determined with test data. The neural
network is needed to be optimized and set the hyperparameters for better performance. DeepLab [21] is
one of the popular models for image segmentation
using CNNs. Deep Convolutional Neural Networks
(D-CNN) models are numerous and, after modifications, develop the capabilities of solving more problems with new versions. New usages of the models
sometimes include using another CNN model’s
backbone in the architectures.

ிା்ାிே

ܨଵ  ݁ݎܿݏൌ ʹ כ
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FIGURE 4
DeepLabv3+ Models Test I,II,III Prediction Results:
by Order ResNet-18, ResNet-50, MobileNetv2, Xception Networks
shortest time for the training process. All test images
are used for four different D-CNN models for the
testing phase. Test images include different regions
and clutter class has different class weights and specifications (harvested-non harvested fields, roads,
bare lands). For test image 1, the highest scores belong to the DeepLabV3+ResNet-18 model for overall accuracy (%95,99) and F1 score (%80.54). For
test image 2, the DeepLabV3+ResNet-50 model
yielded the best overall accuracy score ( %80,58).
For test 2, the DeepLabV3+ Xception model has
yielded the best F1 score (%84,19). For test image 3,
DeepLabV3+ResNet-18 yielded the best overall accuracy (%96,89) and F1 score (%86,58). The differences between results are related to the class density
and the content of the test images. However, for this
experiment, the DeepLabV3 + ResNet-18 network
generally yielded the best results. In the shortest
training time, as well among others. In Figure 4, images of test predictions of the classification with
false-positive and false-positive results. Black colors
refer to correct classification; magenta color refers to
false-positive and green color refers to false-negative results.

RESULTS AND DISCUSSION
In this study, buildings were extracted using DCNN models with different spatial resolution datasets. The dataset has been split to train, validation
and test images. In the training phase, the parameters selection is determined and optimized for the
models. Thus, in training phases, validation accuracy
and loss functions are considered for fine-tuning and
regulations (like early-stop). Epoch numbers of the
models were also selected according to this monitoring. Table 2 experimental results belong to the mean
of the building and clutter classes metrics. In Table
3, the evaluation metrics are shown according to test
images separately. In Table 2, metrics signify building and clutter classes.
Clutter corresponds to all non-building classes
in one class in the images, such as harvested or green
agricultural areas, roads, bare-land, etc. In the result
of the experiments, the best overall accuracy is
%91,14 belongs to the DeepLabV3+ResNet-18
model. In addition, according to time criteria,
DeepLabV3+ResNet-18 is the model that takes the

8477

© by PSP

Volume 31– No. 08A/2022 pages 8474-8479

CNN Models
DeepLabV3+ResNet-18

Fresenius Environmental Bulletin

TABLE 2
Experimental Results
Epoch Num- Overall Accuracy
ber
%
24
91,14

Mean F1
score %
83,49

Mean IoU
%
74,42

Time
(min.)
39

DeepLabV3+ResNet-50

26

90,75

83,14

73,90

80

DeepLabV3+MobileNetv2

45

89,58

76,06

70,49

109

DeepLabV3+Xception

42

90,21

81,43

71,69

205

TABLE 3
Test Results
Test Images
Test 1
Test 2
Test 3
Test 1
Test 2
Test 3
Test 1
Test 2
Test 3
Test 1
Test 2
Test 3

Overall Accuracy %
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Mean F1 %

DeepLabV3 + ResNet-18
95,99
80,54
80,43
83,34
96,89
86,58
DeepLabV3 + ResNet-50
94,95
79,93
83,97
80,58
96,72
85,51
DeepLabV3 + MobileNetv2
94,62
75,14
78,43
81,31
95,70
71,72
DeepLabV3 + Xception
95,12
79,01
79,10
84,19
96,40
81,08
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ABSTRACT

INTRODUCTION

Forests that are dynamic ecosystems often
change due to continuous growth, expansion, and
natural and human-induced external influences.
Thus, an accurate and up-to-date inventory of forests
is one of the most important features of establishing
a forest management policy. The most appropriate
methods should be chosen after a detailed
investigation for eliminating the complexity of the
ecosystem, developing forest management, and
shaping the environmental policy. In this study,
photogrammetry and Light Detection and Ranging
(LIDAR) data were evaluated both separately and
together to obtain the most appropriate results
related to forest inventories. Digital Elevation
Models (DEM), Digital Terrain Models (DTM),
Digital Surface Models (DSM), Normalized Digital
Surface Models (NDSM), and Canopy Height
Models (CHM) were produced using point cloud
data obtained separately from each technique. Then,
DEMs were produced through the classification of
point clouds by means of 4 different methods in the
determined study area. Although LIDAR data is
more expensive and laborious than the
photogrammetric method, it is the most successful
method to produce forest inventory by producing
more accurate results. In the first model, the full
inventory of the forest could not have been realized.
In the second method, better performance was
realized than the first method, but even worse results
were obtained than the fourth method. Unexpectedly
several counted trees were obtained in the third
method than the second one. The main reason for the
differences obtained with various methods was
evaluated as the 5 years differences between
obtaining LIDAR and photogrammetric data.

Forests are dynamic ecosystems that often
change as a result of continuous growth, expansion,
and natural and anthropogenic external influences.
Determining the areas that are changing over time
has great importance for future planning and making
decisions [1]. Accurate and up-to-date forest inventories are important to facilitate data-driven and effective forest management, as well as creating a convenient forest management policy. The main purpose to develop forest inventory systems is to reduce
high costs, eliminate the complexity in data acquisition methods, and estimate and determine the effects
of climate change on forests. At the same time, an
accurate and up-to-date forest inventory system is an
essential step to eliminate forest ecosystem complexity, improve forestry, forest management and
ensuring correct environmental policy-based goals.
The use of Airborne LIDAR Scanning (ALS)
technology is becoming popular in determining the
forest inventory, which includes the structural features of the vegetation such as height, volume, and
coverage [2]. In forestry management, the data to be
obtained must be produced in an accurate, precise,
and affordable way, regardless of the production
method. In this context, the ability of ALS to provide
useful data for forest inventory has been known for
a long time from scientific research and various applications [3].
Photogrammetry is a science and technology
that deals with precise measurements of 3D objects
and terrain from 2D photographs. Photogrammetric
applications cover the measurement of distances,
heights, areas, and volumes, as well as the preparation of topographic maps, generation of DEMs and
orthophotos.
Photogrammetry, especially Digital Aerial
Photogrammetry (DAP), is of great interest due to its
similarities with ALS. Using DAP to improve forest
inventory is useful for the following reasons:
• DAP enables the characterization of land,
forest cover, and plant species.
• In the 1990s, ALS data began to be used instead of aerial photographs for forest inventory.
With the developments in the field of photogrammetry, 3D data similar to ALS, have been obtained at a

KEYWORDS:
Forest Inventory, LIDAR, UAV-Based Photogrammetry
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Global Mapper software and its LIDAR module
were used for data processing.
The area of 37289 ha limited by the F22d11c4d
base map, which included part of ITU, was selected
as the overall study area. For the calculation of forest
inventory, a 6138-ha covering the forestry was selected. For point clouds, data containing 45 points
per m2 produced using LIDAR and data containing
625 points per m2 produced by the photogrammetric
method were used (Figure 1). To reduce the calculation cost, the photogrammetric data was also produced with less point density (167 points per m2).
The study was carried out with 4 different
methods in the determined study region. In the first
one, forest inventory was obtained by using only
photogrammetric data. In the second, forest points
were obtained by combining ground points obtained
from LIDAR data and photogrammetry data. In the
third method, gaps in ground points in the photogrammetric point cloud were filled by IDW interpolation to extract the forest inventory. In the fourth
method which is the last, forest inventory was obtained by using only LIDAR data.
Noise reduction. Noise is usually randomly
distributed in the data. These noises can often be
caused by airplanes, birds, or the sensor itself. These
points have unusually high or low elevation values
and should be separated from the point cloud. The
simplest way to define these noise values is to examine the frequency distribution of the height values
[5]. Noise formation is common in point clouds. If
the surface of the object has a complex geometry and
reflection surface, noise generation is inevitable.

lower cost with higher spatial, radiometric, and temporal resolution.
• DAP provides structural, spatial, and spectral information for the purpose of general forest inventory preparation and updating.
Photogrammetry and LIDAR complement each
other and their use together has a positive effect on
engineering projects. However, the production of
digital surface models (DSM) using LIDAR can be
performed faster, more automatically, and when
used in conjunction with the high point density provided by photogrammetry, the identification of spatial features is more successful [4].
In this study, photogrammetric and LIDAR
data were compared for obtaining forest inventory.
Firstly, DEMs, DTMs, DSMs, normalized DSMs
(NDSM), and canopy height models (CHM) were
generated using both data types. DEMs were then
produced by means of the classification of point
clouds. The forest inventory of the study area was
obtained by 4 different methods. In the first method,
only photogrammetric data were used. In the second
method, photogrammetric and lidar data were used
together. In the third method, gaps in the point cloud
are obtained with photogrammetric data filled by
IDW interpolation. Lastly in the fourth method, forest inventory was obtained using only lidar data.

MATERIALS AND METHODS
Study area and data. In this study, LIDAR
and photogrammetric data of the Istanbul Technical
University (ITU) campus in Istanbul were used.

(a)

(b)
FIGURE 1
LIDAR data point density per m2 (a), photogrammetric data density per m2 (b)
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(a)

(b)
FIGURE 2
DSM generated using noisy data (a) and noise-reduced data (b)
Detection of non-ground points. Point clouds
were divided into 0.16 m2 local areas in determining
the non-ground points (buildings and trees) (Figure
4). Parameters were selected as follows; the minimum height difference from ground points was 0 m,
the maximum surface parallelism tolerance distance
was 8 cm, the maximum parallelism angle tolerance
was 10 degrees, and the potential minimum vegetation area was 15 cm.

This noise contains false point data that does
not belong to the object or scene. Using this noisy
data in the evaluation causes the results to be obtained incorrectly. Because noise spots can form
dense clusters, they can cause defective surface
patches that are not present in the object. Therefore,
these noise points need to be detected and cleaned to
prevent possible errors before the data can be evaluated [6]. During the noise reduction phase, the LIDAR point cloud was divided into local sections of
9 m2. Photogrammetric point cloud, on the other
hand, was divided into local sections of 0.64 m2. The
points outside the 3 standard deviations of the average altitude value in the local area and the points outside the 58 m and 163 m height limit were marked as
noise points (Figure 2).

Generation of Digital Models. Remote sensing techniques are used effectively in decision-making in various fields due to their spatial analysis and
visual capabilities. It provides vital tools that can be
applied to many analyses and has long been an important component of urban and rural applications
[7]. Its benefit to the decision-making process is that
it increases the visuality and makes it easier to understand by using 3D- geographical models. DEMs
have generally accepted data structures for the storage of elevation information of the terrain, and are
often interpolated to determine the elevation values
of all-terrain points. DEM is the display of pixels
with the height value of each pixel [8]. It is important
to remember that most of the raw data obtained from
the application of the techniques are DSMs rather
than DTMs. Additional data processing steps (i.e.
filtering and/or editing) must be performed to derive
DTMs from DSMs. DSMs contain the height data of
all-natural and artificial elements on the ground surface.
While DTM refers only to the ground surface,
DSM is a DEM that corresponds to the height of the
surface of man-made and natural objects (such as
buildings and trees).

Detection of ground points. Point measurements made are affected by three components;
ground elevation, heights of non-ground objects, and
undesirable measurements from airplanes or birds.
Ground points usually consist of the lowest points in
a local area. Non-ground points are measurements of
objects above ground points such as trees, buildings,
bridges, etc. To properly define the ground points, it
is important to understand the physical properties of
the ground points that separate them from the nonground points [5]. In order to determine the ground
points, both point clouds were divided into 1 m2 local
regions. Used parameters were selected as follows;
the lowest height was 0.5 m, the maximum surface
slope was 11%, the maximum height difference from
the ground was 20 m and the maximum possible
building edge was 200 m (Figure 3).
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(a)

(b)
FIGURE 3
Points of the LIDAR point cloud classified as ground points (a), points of the photogrammetric point
cloud classified as ground points (b)

(a)

(b)
FIGURE 4
Points of the LIDAR point cloud classified as non-ground points (a), points of the photogrammetric point
cloud classified as non-ground points (b)

FIGURE 5
DTM from LIDAR point cloud (top left) and photogrammetric point cloud (top right), DEM from LIDAR
point cloud (bottom left) from photogrammetric point cloud (bottom right)
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FIGURE 6
nDSM generated from LIDAR data (left) and CHM (right)
Ground points classified in both point clouds
were used for DTM and DEM production. 9 m2 local
areas were used as parameters (Figure 5). Using generated DEMs, DSMs and nDSMs were generated
and using these nDSMs, CHMs were in turn formed
to produce CHM, initially, nDSM was produced by
calculating the height difference of the DTM surface
from the DSM surface. CHM was formed by selecting the vegetation and ground points in the nDTM
(Figure 6). As such, CHM represents the height of
vegetation and is the difference in distance between
vegetation and ground.

The forest inventory was determined in the area
selected (Figure 7). While obtaining the forest inventory, the parameters for all types were applied as
minimum tree height 4 m, minimum crown width 3
m, and maximum crown width 20 m. In this process,
4 different types of point cloud data were used;
• Type 1: The forest inventory was derived
from the point cloud obtained using photogrammetric data.
• Type 2: The forest inventory was derived
by combining the ground points obtained from the
LIDAR data and photogrammetric data.
• Type 3: The forest inventory was obtained
by filling the gaps in the ground points in the photogrammetric point cloud with the IDW interpolation
method.
• Type 4: The forest inventory was extracted
from the LIDAR data.

Determination of forest inventory. Frequency and intensity values of laser pulses were used
to calculate the different height ranges of vegetation.
The basic concept behind measuring the height to the
base of the crown is to detect the height at which the
intensity of the laser pulse or the return frequency of
the laser pulse suddenly drops in the vertical section.
The vertical section shape of the plant depends on
the vertical angle of the laser pulse with the crown of
the plant. Detailed vegetation measurements such as
tree height of the tree, canopy volume, canopy base
height, canopy cover, and canopy bulk density can
be made from the vertical section shape of the plant.
The height at which a fall in the vertical section occurs can be determined with the help of a 4 th order
polynomial curve [9].

RESULTS AND CONCLUSIONS
As result of forest inventory extractions; in type
1, 1090 trees and their attributes have been determined. Due to the insufficient determination of
ground points in the point cloud obtained by the photogrammetric method, incomplete counts occurred
in the wooded areas. In type 2, 1269 trees and their
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FIGURE 7
Forest inventory from type 1 (top left), type 2 (top right), type 3 (bottom left) and type 4 (bottom right)
was provided. Finally, the forest inventory for the
base map was created using type 4 (Figure 8).
In type 1, as expected, the forest inventory
could not be obtained completely. Type 2, on the
other hand, showed a better forest inventory extraction performance than type 1, but still could not
reach the desired capacity when compared to type 4.
It was not expected for type 3 to count more than
type 2. This situation of type 3 and type 2 may have
arisen as a result of the time difference between LIDAR point cloud data and photogrammetric point
cloud for more than 5 years. The fact that the interpolation method has caused large deviations from
the natural ground surface in the longitudinal sections taken from type 3 also undermines the reliability of type 3. As can be seen from the longitudinal
sections, the distance between vegetation and soil is
more than it should be, due to the interpolation
method, and this causes tree heights to be higher than

attributes have been determined. Type 2 was
obtained by combining the ground points produced
from LIDAR data and the point cloud obtained by
the photogrammetric data. As expected, filling the
empty ground surface with LIDAR data has improved the count in the wooded area compared to
type 1. 1346 trees and their attributes were determined using type 3. In type 3, the gaps in the photogrammetric point cloud were filled with the help of
IDW interpolation. The number of trees was higher
than expected compared to type 2. Finally, in type 4,
1644 trees and their attributes were determined.
Only LIDAR point cloud is used in type 4. The
most satisfactory result was obtained by using type
4.
In the forest inventory for all types; the tree locations were indicated by the tree symbol, the area
containing the crown area was drawn, and the attribute chart summary of the 37 highest-position trees
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(2019). Digital aerial photogrammetry for updating area-based forest inventories: a review of
opportunities, challenges, and future directions.
Current Forestry Reports. 5(2), 55-75.
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[4] Priestnall, G., Jaafar, J., and Duncan, A. (2000).
Extracting urban features from LiDAR digital
surface models. Computers, Environment and
Urban Systems. 24(2), 65-78.
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they should be and vegetation cover shorter than 4 m
is included in the count. Therefore, type 3 caused an
unreliable result in this study.
Type 4 has shown a more successful result than
the others. Therefore, the determination of the forest
inventory in all remaining areas in the base map was
made with LIDAR data. As a result, 5977 trees were
counted on the entire map and the qualities of these
trees were determined.
As a result, errors have occurred in the generation of the forest inventory from the photogrammetric point cloud due to the inability to create a realistic
DEM of the earth. The forest cover itself prevents
the creation of DEM insufficient quality. As can be
seen in this study, taking forest inventory with LIDAR is considerably advantageous for forestry studies. The ability of LIDAR to pass through the vegetation also has a great role in the creation of the
DEM.
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Forest inventory for the base map using type 4
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ABSTRACT

INTRODUCTION

The aim of this study is to investigate the
effects of neighborhood relations on existing
landscape patches in the assessment of landscape
patch quality.The quality of a landscape patch is
directly related to the biodiversity and the land uses
adjacent to the patch. In other words, the land use of
neighboring patch can have a multifaceted effect on
that patch. While these neighborhoods increase the
biodiversity of the landscape patch, its connection
with other patches, also cause degradation and loss
of habitat. Therefore, when evaluating the quality of
the landscape patch, neighboring relations should be
taken into consideration. In this study, neighboring
relationships of forest fire severity patches in
existing land cover were analyzed with use of datasets from Google Earth Engine (GEE) which is a
cloud computing platform. The data have been
selected from Izmir which is the biggest city in
Aegean Region of Turkey, and the neighboring
relations have been analyzed. As an example, the
forest fire occurred in 18th August 2019 case has
been selected which is one of the biggest forest fire
happened in Izmir from the past. This burned area is
neighbor with the center of Menderes town in East,
and the other directions are covered by unaffected
forests. The relation between burned area and these
patches are analyzed with use of Google Earth
Engine derived NDVI data-sets from Landsat 8 and
Sentinel 2 from the dates of pre- and post-forest fire
event The burned area has been automatically
detected, converted to vector, then the boundary of
the patches have been converted to the points. The
ratio of the points which belong to the patch with
total number of points along the boundary of burned
area gives the relationship ratio which is used to
evaluate the effect.

Many anthropogenic environmental problems,
especially global climate change, create serious pressure on natural resources [1]. Since the 1950s, the
decrease of natural resources resulting from these
pressures has determined the world's agenda [2]. In
this context, many conservation-use strategies such
as Biodiversity Convention and Green Deal have
started to be implemented based on sustainability for
natural resources [3,4]. The main goal of these strategies is to provide a more livable environment for
future generations [5,6].
Conservation of natural resources such as air,
soil, water, and forest and supporting biodiversity
constitute the basis of ecological sustainability
[7,8,9]. However, the forests, which are an important
landscape patch, are shrunk, drilled, and fragmented
as a result of various anthropogenic effects [10,11].
In addition, the biological diversity in these forests
is also damaged [12]. To eliminate and manage these
negative effects, the current status of these landscape
patches should be determined. Many landscape metrics that measure the landscape structure are used to
determine the status of the landscape patches [13].
Many indexes such as number of patches, mean
patch size, edge density, mean patch edge, patch
shape complexity, isolation / proximity and connectivity are frequently used in the evaluation of the existing landscape patch [14,15,16,17]. These indexes
evaluate the landscape patch within the scope of
composition and configuration and create interpretable numerical data for strategic management of these
landscapes [18,19].
In addition to determining the current structure
of the landscape, the evaluation of other landscape
patches adjacent to that landscape is important in
terms of sustainability [20]. For example, an urban
settlement adjacent to a forest puts pressure on that
forest patch, and both the loss of trees and the deterioration of microclimatic comfort can reduce the
forest patch quality. Therefore, forest habitat can
also be damaged by this situation. However, the
river adjacent to a forest can support forest patch
quality with its various ecological and physical char-

KEYWORDS:
Landscape patch analysis, forest fire, remote sensing,
numerical analysis, Google earth engine

8489

© by PSP

Volume 31– No. 08A/2022 pages 8489-8494

Fresenius Environmental Bulletin

filiated to İzmir - Turkey. The burned area is neighbor with the center of Menderes town in East, and
the other directions are covered by unaffected forests. The forests in the burnt area generally consist
of Pinus brutia trees.
Remote sensing and geographic information
systems have been used to detect the fire severity
area. Google Earth Engine service and Landsat 8
with Sentinel 2 satellite images were used as auxiliary materials in the study.
Google Earth Engine software is an interface
that can perform web-based online analysis. This
software can be used to evaluate and analyze webbased remote sensing images [26]. This web-based
system, which prevents unnecessary data storage and
enables data processing speed to be independent
from the computer, provides fast analysis and decision making. These systems can also use images obtained from satellites such as Landsat, MODIS, ASTER, Sentinel.
Landsat 8 images can be used for monitoring
and understanding many natural resources such as
water and forest. Images of this satellite are frequently preferred for monitoring environmental
changes [27,28,29]. Landsat 8 satellite captures images in visible, near-infrared, short-wave infrared,
and thermal infrared ranges, and has a mid-spatial
resolution between 15 and 100 meters depending on
the spectral range. On the other hand, Sentinel 2 images were also used to make a comprehensive comparison and evaluation. Sentinel 2 images are a part
of ESA Copernicus program, the sensor provides
Level 2A multispectral images which were already
atmospheric corrected.
The method consists of three main steps which
include data collection, analysis, and evaluation. The
all process has been performed in Google Earth Engine and Python environment. Google Earth Engine
is cloud processing service for Geospatial data analysis, which includes a large data archive such as satellite imagery both optical and radar, climate, and
topographical datasets. The platform allows users to
do programming in JavaScript. Previously several
studies used GEE platform to analyze the vegetation
or identify the forest fires’ effects [30-33].

acteristics [21]. Therefore, determining the neighborhood relationships of landscape patches is important for the health and sustainability of those
landscapes [22].
Forest fires, which occur because of various
natural and mostly anthropogenic effects, adversely
affect the quality of the forest patch, its physical and
biological characteristics, forest habitat and microclimate [23,24]. The forest patch is shrinking, fragmenting, and disappearing because of fires. At the
end of the fire, new landscape patches are formed,
which differ greatly from the old version. Determining the relations of these landscape patches with
neighboring landscapes and their current situation is
important within the scope of making strategic plans
for sustainability and constitutes the subject of this
study [25].
In this study, the condition of pre-fire and postfire forest patches was analyzed within the context
of neighborhood relations. The main goal of the
study is to determine the existing land cover and
neighborhood status of the forest patches after the
fire semi-automatically by means of remote sensing
and geographical information systems and to compare the forest patches before and after the fire in this
context. In this way, tangible data will be obtained to
create fast and effective plans for the rehabilitation
of these forest patches after a forest fire.

MATERIALS AND METHODS
The main material of the study is the pine forests and its surroundings, which are located within
the boundaries of Izmir province and suffered a great
fire in 2019. The burnt forest patches are located at
38 ° 13'37.28 "N and 26 ° 57'7.34" E coordinates.
The fire zone generally has a high slope and a deep
valley topography. The altitude of the region varies
between 200 m and 900 m (Figure 1).
The fire has been effective in the Güzelbahçe,
Seferihisar and Yeniköy Forest Management Chiefs
of the Menderes Forestry Operation Directorate af-

FIGURE 1
Test area, Izmir-Turkey
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TABLE 1
Acquisition Dates of the Used Satellite Images
Date
Image
August 11th ,2019,Pre-fire
Sentinel 2
August 21th ,2019,Pre-fire
Sentinel 2
August 16th 2019, Pre-fire
Landsat 8
August 23th, 2019, Post-fire
Landsat 8

FIGURE 2
Pre- and Post-Fire Images, Left: Landsat 8 Images, Right: Sentinel 2 Images
applying ISODATA classification in SAGA GIS
Platform.

Detection of the fire severity areas and classification of the severity. The Normalized Burn Index (NBR) was used to determine the burn severity.
The formula of the NBR can be described as (NIRSWIR2)/(NIR+SWIR2), and dNBR is calculated
with the formula of NBRpre-NBRpost which are calculated for before and after occurred forest fire. The
test site is shown in Figure 1. The severity mapping
is repeated for Landsat 8 and Sentinel 2 images both,
then the results are compared. The whole process
was performed in Google Earth Engine Platform
with implementation of UNSPIDER provided JavaScript codes [34].The properties of the used images are shown in the following Table 1, the images
are shown in Figure 2.

RESULTS AND DISCUSSION
The severity maps are created both for Landsat
and Sentinel images. The severity situations are classified into seven sub-categories Enhanced Regrowth
High, Enhanced Regrowth Low, Unburned, Low Severity, Moderate-low Severity, Moderate-high Severity, and high severity. The total area of each category for both datasets are shown in the following
Table 2.
The detected classes from two different images
are shown in Figure 3.
As shown in Table 2 and Figure 3, the results
from Landsat and Sentinel sensors differ especially
for the low severity. The total area for the medium
and high severity has a difference of 250 ha, which
is reasonable for the resolution of the used images.
The percentage of the neighborhood with the moderate and severity classes are listed as shown in Table
3.

Analysis of the neighboring patches. In this
method the boundary of the extracted severity classes from the satellite images were converted from the
linear features to the points with 10 meters interval
distances. For each cluster, the total number of points
from the nearest land cover category were calculated
for each severity class. Thus, the percentage of the
neighboring land cover was determined. The land
cover categories of the test area were created with

TABLE 2
The Calculated Areas for Each Category
Category
Area (ha) _ Landsat 8
Area _ Sentinel 2
Low Severity
2973.60
1241.10
Moderate-low Severity
2764.53
2760.48
Moderate-High Severity
1773.99
1686.24
High Severity
1397.70
1241.10
Total
8909.82
6928.92
Moderate+ High Severity
5936.22
5687.82
Total
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FIGURE 3
Burned Areas, left: from Landsat, right: from Sentinel
interaction with each other. It is necessary to rehabilitate both the burned forest cover and the soil
structure that has lost its biological characteristics.
Because it is predicted that forests deprived of their
physical and biological characteristics will negatively affect the living forest habitat. In addition, the
neighborhood relationship between urban areas and
burned forests will be adversely affected due to microclimatic factors. In this context, Soil cover, which
is the habitat of burnt forests, should be rehabilitated.
After soil rehabilitation, afforestation works should
be carried out urgently, and the area should be restored to its former state. In case of possible fire,
buffer zones should be created between landscape
patches that will not prevent wildlife movement. In
addition, ecological corridors should be created between independent forest patches, and these corridors should be built based on ecology and engineering. Thus, the study area will be able to sustain ecosystem services physically and biologically.
The future work may include to develop an interface to allow any user to make their own analysis
accordingly. This interface can also aim to display
the positive and negative relationships between adjacent landscape patches in the form of numerical
values.

As presented in Table 3, the land class of urban
area has the maximum risk with extension of the fire
severity with rate 44%. This analyze shows that the
urban area is under high-risk condition with the forest fires in the specific test area. In literature we find
the detailed analysis of the fire severity [11,12,30].
In our study, we have proposed a method which evaluates the neighborhood of the fire severity with other
land cover classes to investigate the future forest fire
risks.
TABLE 3
Percentage of the Neighboring Land Cover
Land Class
Percentage (%)
Forest
30
Urban Area
44
Bare Ground
26

CONCLUSION
This study uses remote sensing technologies to
analyze the environmental effects of the forest fire
that occurred in Izmir in 2019 at the neighborhood
level. The severity levels are calculated with use of
Google Earth Engine Platform with use of UNSPIDER provided Google Earth Engine codes [34]. The
method relies on calculating the difference between
pre and post normalized burn indices. The neighboring patches with the burned area was automatically
analyzed, and the ratio of the patches which are adjunct to the fire severity areas are calculated. This
may be useful for investigating the reasons of the fire
and planning of the future conservation activities accordingly.
The obtained results show that the burnt forests
spread throughout the study area. Therefore, the
burned areas adjacent to the living forest cover are in
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A GIS-BASED DECISION ANALYSIS USING
MULTI-PARAMETRIC WEIGHTED INDEX MODEL FOR
FOREST FIRE RISK MAPPING IN MEDITERRANEAN
Yucel Gulluce*
Istanbul Technical University, Institute of Informatics, Istanbul, Turkey

disappear. For this reason, the development and protection of forests, which are one of the most important natural resources and whose value in the national economy is increasing day by day, has become
an inevitable necessity. Forest fires occur, especially
in regions where the Mediterranean climate zone is
effective, and they show continuity. Forest fires arising from natural or humanitarian causes are one of
the most threatening factors for forest existence and
cause many damages as a result.
The fact that the climatic zone, in which Turkey
is located, is not very suitable for raising forests, it
takes many years for the destroyed ecosystem to be
ready for reforestation, and the steep and rugged
topographic structure is very prone to deterioration,
further increases the importance of preserving existing forests. In addition, this natural resource is under
intense pressure due to human reasons such as excessive population growth, urbanization and industrialization activities [1]. Fires in the Mediterranean,
agriculture and the process of gaining grazing land,
settlements in the forest and forest edge attract attention as the main forest reducing factors [1]. Forest
fires, which are among these factors, are one of the
most important factors that endanger the continuity
of forests in Turkey. The threat of this natural disaster is continuous, especially in a significant part of
our country where the Mediterranean climate zone,
which has the most suitable conditions for the outbreak and spread of forest fires, is effective [2]. Although forest fires are an indispensable part of the
forest ecosystems in the Mediterranean basin, they
play an important role in ensuring the ecological balance [3]. In addition, the burning of thousands of
hectares of forest areas every year causes great economic, ecological and cultural destruction [4].
In 2018, 2167 forest fires broke out in Turkey
and 5644 hectares of forest area were damaged in
these fires. The average burned area per fire was 2.6
hectares. In 2018, there was a 10.12% decrease in the
number of fires compared to the previous year. The
burned forest area decreased by 53% compared to
the previous year [5]. The cause of 45% of forest
fires in 2018 could not be determined. 32% of forest
fires were caused by negligence-accident, 19% by
natural causes and 4% by intention (Figure 1).

ABSTRACT
The forested areas along the coastal zone of the
Mediterranean region in Turkey are classified as
first-degree fire sensitive areas. Forest fires are
major environmental disaster that affects the
sustainability of forest ecosystems. Besides, forest
fires result in important economic losses and even
threaten human lives. The most important basis in
reducing fire damage is the early detection of forest
fires. Mapping forest fire risk areas increases the
speed of fire response and prevents further damage.
Forest fires in the Mediterranean region are closely
related to the geography, climate and vegetation of
the region. The dense population mobility in the
region and the fact that the settlements were
established in and near the forest are also the main
causes of forest fires in the region. The aim of this
study is to map the fire risk areas of Antalya province
in the Mediterranean region through ArcGIS 10,
focusing primarily on the human factor. A multiparametric weighted index model was adopted to
derive and demarcate the forest fire-risk map with
risk variables such as vegetation, topographic
factors, and proximity to the road and settlements.
GIS was used for the analysis and calculations
required for these parameters. The analysis was
carried out by assigning subjective weights to the
criteria effective on forest fire. As a result, GISbased forest fire risk map of Antalya province was
revealed. According to the results of the study, it was
determined that 15.5% of Antalya's surface area is
very risky, 23.8% is risky, 25,6% is medium risk,
22.5% is low risk and 12,6% is risk-free.

KEYWORDS:
Fire Risk Map, Forest Fire Management, Wildfires, Gis,
Mcda

INTRODUCTION
Forests are extremely important natural resources not only for the countries they belong to but
also for the whole humanity in terms of both the benefits they provide and the consequences when they
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FIGURE 1
Causes of fire [5].

FIGURE 2
Number of fires by years [5].
many geographical variables, GIS provides great advantages in analyzing events and phenomena that develop under the control of these variables [4]. In this
study, the conditions in Antalya province were evaluated by using Geographical Information Systems in
order to provide an early intervention to the fires that
may occur in Antalya province and the fire risk areas
were tried to be determined.

According to the data of the European Forest
Fire Information System (EFFIS), the average
amount of burned area per fire for 10 years (20072016) in European Countries in the Mediterranean
climate zone is 41.98 ha in Greece, 12.72 ha in Italy,
6 in Spain, 83 ha, 4.6 ha in Portugal, 3.73 ha in Turkey and 2.65 ha in France. In EU-28 Countries, a total of 137.539 ha of forest area was burned in 2018
(Figure 2).
Although the number of forest fires shows a
fluctuating graphic in the Mediterranean Region of
Turkey on the temporal course (Figure 1), it is a constant problem for Turkey and the main cause of forest fires in Turkey, as in other countries, is largely
the human factor.
Geographic Information Systems (GIS) research, which has been increasingly used in forest
fire research in recent years, provides great advantages in obtaining effective and applicable results
[6]. GIS enables cheap, fast and accurate analyzes to
be made in studies such as predicting and modeling
fires, monitoring the occurrence of fire, organizing
extinguishing works, and determining the damage
after fire [7]. In order for a fire to start in a forest
area, many geographical factors (slope, aspect, distance to the road and settlement etc.) must come together to create suitable conditions. By evaluating

MATERIALS AND METHODS
Material. This study focuses on the evaluation
of forest fire risk map in Antalya province using GIS
techniques. The data used in this study were collected from various sources (Table 1). First of all, topography, vegetation and land use data of the site
were used to create a forest fire risk map. Slope and
aspect maps were created from the 1 / 25.000 scaled
digital elevation map. Vegetation data were obtained
from stand maps of Antalya Regional Directorate of
Forestry. Thematic maps were created and arranged
from the data of the General Directorate of Highways within the roads and settlements within the provincial borders. Then, ArcGIS 10 program was used
for data analysis, modeling and production of risk
maps.

8496

© by PSP

Data

Volume 31– No. 08A/2022 pages 8495-8504

lands increasing the risk of fires. In terms of slope
(S), considering slopes is important because are difficulty and inaccessible areas but they make it easier
fire sprawling situations.
Artificial parameter includes "distance from urban areas"(DU) and "distance to roads" (DR), because, human activities in urban areas pose a high
risk for fires as a result of accident or negligence.
Similarly, main roads and railways proximity is a
subsequence of some of accidental forest fire. As a
result, Eq.1 can be re-expressed as following:

TABLE 1
Data list and sources
Scale
Source

DEM

1:25.000

Vegetation

1:25.000

-U.S. Geological Survey (USGS)
-Turkish Ministry of
Forestry and Water
Affairs
-Turkey General Directorate of Forestry
- Antalya Regional
Directorate of Forestry

FRI = 7 * V + 5 *(S + A) + 3* (DU + DR)
In this equation, “FRI” indicates the fire risk index, "V" indicates the fire potential of the vegetation
according to the humidity condition. The parameters
“S” and “A”, which have equal effects in the formula
used, show the slope and aspect conditions. The distance parameters, which include the human element
in the fire risk model, are also expressed with “DR”
and “DU”. The thematic maps created have been analyzed together and a fire risk map has been created.

-Thematic Map

Road Map

1:25.000

Fresenius Environmental Bulletin

-Turkish Ministry of
Transport, Maritime
Affairs and Communications
-General Directorate
of Highways, 2016

Method. Forest fires are in close relationship
with the effects of features such as the geography,
climate and vegetation of the Mediterranean Region
[8]. The fact that the region was exposed to great
population mobility over time and that the settlements were established in and around the forests ensured that forest fires always remained a risk factor
[9]. In this study, A multi-parametric weighted index
model was adopted to derive and demarcate the forest fire-risk map with factors affecting forest fires
such as vegetation, slope, aspect, distance to roads
and settlements in ArcGIS 10 environment. To get a
practical conclusion and avoid error to the model,
weight was given based on a review of literature, and
each variable was rated on the basis of their fire potential ([10]; [11]; [12]; [13]; [7]; [14]). Each independent variable with different classes was categorized distinctly based on their forest fire influences
as 1 (Very High) to 5 (Very Low). These factors were
then weighted in the percentage of their influence, as
shown in Table 2. After determining each weightage,
all the layers were overlaid in ArcGIS. Hence, the
risk model was developed with the equation given
below [15].

TABLE 2
Parameters and factor weights [15, 7,14].
Parame- Weig Classifica- Factor Risk level
ter
ht
tion
Very Dry
5
Very Risky
Dry
4
Risky
Vegeta- 7 Low Humid
3
Medium
tion
Ri Risky
k
Normal Hu2
Low
1
Risk Free
HighidHuid
> 30
5
Very Risky
20-30
4
Risky
Slope
5
10-20
3
Medium
(%)
5-10
2
Low Risky
0-5
1
Risk Free

Aspect

Distance
to road
(m)

Fire Risk = 7*(Vegetation)+5*(Geomorphology)+3*(Artificial) (1)
The state of flammability of the forests considering the type of specie and its capacity to retain humidity is used for vegetation (V) parameter. Geomorphology parameter includes aspect and slope. In
terms of aspect (A), especially in Mediterranean regions, south sides are the warmer and also the driest

5

3

Distance
from ur- 3
ban areas
(m)
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South
West
East
North
Flat

5
4
3
2
1

Very Risky
Risky
Medium
Low Risky
Risk Free

0-100
100-200
200-300
300-400
> 400
0-1000
1000-2000
2000-3000
3000-4000
>4000

5
4
3
2
1
5
4
3
2
1

Very Risky
Risky
Medium
Low Risky
Risk Free
Very Risky
Risky
Medium
Low Risky
Risk Free
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FIGURE 3
Location map of the study area
Assessment of risk factors. Mediterranean
Climate has hot summers and mild winters (15ºC annual average) and average precipitation is 600mm.
Antalya Province is located along the Mediterranean
coastline of Turkey, between the 29° 20’ - 32° 35’
east longitude and 36° 07’ - 37° 2’ North latitude. Its
surface area is 20874 km2 and it covers 2.6% percent
of Turkey’s land surface area. Majority of the Prov-

ince is covered with Toros Mountains. The land border of the Province is the Toros Mountains in the
North. Mediterranean Sea is in the South of the Province. İçel, Konya and Karaman Provinces are in the
east of the Province (Figure 3). Isparta and Burdur
Provinces are in the North of Antalya, and Muğla is
in the West of Antalya. The coastal length of the
province is 640 km including the intrusions and protrusions. It is 500 km as a slicken line [2].

FIGURE 4
Antalya province vegetation map
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different plant species are also different [16]. According to a study [4], while coniferous and dry species such as Red Pine create suitable conditions for
fire, according to another scholar [17], Cypress (Cupressus sempervirens) was emphasized to be the
most effective fire retardant. In this context, plant
species found in the forest area of Antalya province
are classified according to their humidity levels [4].
Pine species in the study area (Larch, Red Pine,
Stone Pine) were evaluated as Very Dry, Cedar species as Dry, Oak species as medium, Juniper and Fir
species as low humid, Cypress and Sweetgum species in Very humid class, factor and risk classes were
arranged according to this evaluation (Figure 4.).
While creating the vegetation map, mixed stand areas were included in the dominant species areas.

Vegetation. Forests in Antalya province are
mostly located in mountainous areas and steep
slopes. On the sill parts, there is a vegetation consisting of maquis and hard leaves. In other regions, the
forest is generally in the form of trees and shrubs [2].
The tree species that cover large areas and establish
stands in the province of Antalya are; Red pine (Pinus brutia), Larch (Pinus nigra), Juniper (Juniperus
excelsa, Juniperus foetidissima) and Oak (Quercus
spp.). The less common species are the Taurus Cedar
(Cedrus libani) and the scattered Fir (Abies spp.), St.
Pine (Pinus pinea) and Cypress (Cupressus sempervirens). In addition, sweetgum (Liquidambar orientalis) is found as a stand in the Serik basin. Vegetation constitutes one of the most important elements
that determine the starting point and fire behavior of
forest fires [2]. The combustion characteristics of

FIGURE 5
Slope risk classification.

FIGURE 6
Aspect risk classification
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FIGURE 7
Distance to roads risk classification.
in areas with low slope values [18]. The rate of feeling of the sun effect is more dominant on the southfacing slopes (for the Northern Hemisphere) resulting from the aspect of the topography compared to
the north [19]. Since slope and aspect conditions are
effective on sun exposure and humidity conditions,
they appear as criteria to be considered in fire risk
analysis [4]. The slope and aspect classifications of
the study area can be seen in Figure 5 and Figure 6.

Topography. The 72.3% of Antalya surface is
mountainous, 11.7% of it is lowland and 11 of it is
rugged terrain. The number of 11 hills of the Toros
Mountain are 2500 m higher than the sea level, 3 of
the hills are 3000 m higher than the sea level. There
are vast plateaus and basins in Manavgat region. It is
very common to see caves which are formed as a
consequence of the melting of limestones, dolines,
valleys and vast poljes with large hollowness and
karst landforms in the plateaus and mountains which
mostly consist of limestones. The topographical instability of the Province offers various settings for
climate, agriculture, demography and settlement.
The regions with varying characteristics can be defined as coastal and upland regions [2]. The topographic features that are effective in the formation
and spread of forest fires are slope and aspect. While
the progression of fire occurs faster in areas with
high slope values, the rate of fire progress is slower

Distance to roads. Roads cause human-induced fires due to the constant movement of people
and vehicles on them [4]. The parts of the forests
close to the road are defined as areas with high fire
sensitivity ([11]; [7]; [14]; [4]; [18]). The distance
classification of the study area to the road routes can
be seen in Figure 7.

FIGURE 8
Distance from urban regions risk classification.

8500

© by PSP

Volume 31– No. 08A/2022 pages 8495-8504

areas cover 3.2% of the area (Table 5). When the
slope levels are examined, it is seen that the areas
with a slope of 30° and above have a distribution of
5.1% (Table 4).

Distance from urban areas. There are 19 districts, 914 urban regions connected to these villages
within the boundaries of the study area [20]. The
parts of the forests close to the urban regions are the
areas where the probability of fire is higher. Human
activities pose a high risk for fires as a result of accident or negligence [14]. For this reason, distance
from urban areas was defined as an effective factor
in forest fire susceptibility analyzes ([11]; [7]; [14];
[18]). Although the level of risk decreases as you
move away from the urban regions, the spread of
human activities over large areas causes the risk areas to spread over a wide area [4]. The distance classification of the study area to the urban regions can
be seen in Figure 8.

Factor
1
2
3
4
5

1
2
3
4
5

When the vegetation characteristics of the
study area are examined, Red Pine (Pinus brutia)
plant species, which poses a high risk, covers 16.1%
of the area, and Black Pine (Pinus nigra) plant species.
It is seen that it covers 9.1% (Table 3.). It is
seen that the stone pine (Pinus pinea) plant species
covers only 0.08% of the study area. In this case, the
places where the fire risk is high in Antalya province
are the Serik region where the Red Pine (Pinus brutia) plant species is distributed, the Antalya coastline,
the inner regions where the Black Pine (Pinus nigra)
plant species is distributed, and the Taurus Mountains in the west.

Flat
North
East
West
South

%3,2
%23,4
%22,7
%25,6
%25,1

TABLE 6
Distance to roads assessment results.
Factor
Slope
Area (%)
1
>400
%79,6
2
300-400
% 4,1
3
200-300
% 4,6
4
100-200
% 4,9
5
0-100
% 6,8
There are many road routes in the study area.
When examined in this context, the total of the areas
“under 400 m” from the distance to the road in Antalya province constitutes 20.4% of the study area.
Areas with high and very high risk of fire due to the
road are also areas close to this road (Table 6). On
the other hand, the urban regions, which are widely
spread in the province of Antalya, cover 3.5% of the
area. Areas up to 3000 m from urban, that is, areas
that may pose a high or very high risk, cover 74.3%
of the study area (Table 7).

TABLE 3
Vegetation

Calabrian pine (Pinus brutia)
Larch (Pinus nigra)
Juniper (Juniperus excelsa)
Taurus Cedar (Cedrus libani)
Oak (Quercus spp.)
Fir (Abies spp.)
Stone pine (Pinus pinea)
Sweetgum (Liquidambar orientalis)
Cypress (Cupressus sempervirens)

TABLE 4
Slope assessment results.
Slope
Area (%)
0-5
%25,2
5-10
%24,9
10-20
%31,9
20-30
%12,9
>30
%5,1

TABLE 5
Aspect assessment results.
Factor
Aspect
Area (%)

RESULTS AND DISCUSSION

Type

Fresenius Environmental Bulletin

Area
(ha)
110.103
65.937
46.931
35.052
15.018
2.922
209
20
19

TABLE 7
Distance from settlements assessment results.
Factor
Dist. to Road
Area (%)
1
>3000
19,70%
2
2000-3000
23,40%
3
1000-2000
24,30%
4
0-1000
23,10%
5
Urban regions
3,50%

The fact that the land structure (topography) is
in southern and western aspects, the difference between the heating degrees at the peaks of the mountains and the bottom of the valleys, and the increase
in the rate of spread of the fire at the points where
the slope increases [21]. Aspect conditions of the
study area have a balanced distribution except for
flat areas. The southern slopes with the highest fire
risk are distributed over 25.1% of the study area. Flat

As a result of the analyzes made, the fire risk
map of Antalya province, which is the study area,
was revealed (Figure 9). The spatial distribution of
fire susceptibility classes in the map created can be
seen in Table 8.
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FIGURE 9
Antalya province fire risk map.
fires that may occur in Antalya or to intervene earlier.

TABLE 8
Areal distribution of fire susceptibility
Fire risk map
Area (%)
Very Risky
15,5
Risky
23,8
Medium Risky
25,6
Low Risky
22,5
Risk Free
12,6
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RADIATION COMPARISON:
BACKGROUND RADIATION AND ARC NUCLEAR
FUSION REACTOR IRRADIATED MAGNETS
Antonino Meli*
ESSENTIAL Group, Politecnico di Torino, Department of Energy, Turin, Italy

and PF coils are made with REBCO (Rare Earth Barium Copper Oxides) – Figure 2 –therefore they can
produce very strong magnetic field when cooled below their critical temperature. Some studies on
REBCO tapes have shown that they have values of
critical current density higher than other superconductors [4], and make them the best option for the
ARC TF coils. A new study aims to estimate the radiation damage of these HTS, supposing they are
working at the nominal conditions of the ARC reactor, and then, to investigate on how this radiation
damage can affect their superconducting properties:
results concerning their activation will be shown in
this document and compared with the background
radiation in order to highlight how much more dose
they would deliver to human body. The specifics
with which the activation results have been obtained
will be reported below:
x The ARC reactor will work at full power,
therefore the plasma will generate a neutron flux of
~2.2*1020 14.1MeV neutrons/s [5];
x The irradiation time interval set for the activation analysis is 12.5 years [5];
x The Inconel 718 [6] is adopted as structural
material for the vacuum vessel [3].
x An irradiation shielding thick 25cm and
made with ZrH2 is placed in front of the TF coils [5].

ABSTRACT
ARC (Affordable Robust Compact) reactor is a
tokamak design developed with a specific goal: to
investigate on the best technologies industrially
available nowadays to build a commercial fusion reactor in the nearest future. The design foresees the
adoption of the innovative High Temperature Superconductors (HTS), that allow a significant size reduction: among the superconductors the REBCO
(Rare Earth Barium Copper Oxides) tapes have been
adopted in the design of the ARC toroidal field coils.
They have been object of a specific study concerning
their behavior under neutron irradiated environment,
to assess their radiation damage. These results have
been useful to perform a comparison of REBCO superconductors activation with radiation background,
in order to understand how their level of radioactivity can be harmful with respect to natural radiation.

KEYWORDS:
REBCO, HTS, Radiation damage, Radiation background

INTRODUCTION
The ARC (Affordable Robust Compact) reactor –Figure 1 – is a tokamak design developed by a
research team at the Plasma Science and Fusion Center of the Massachusetts Institute of Technology with
a specific goal: to take advantage of the best technologies nowadays available in order to build a commercial fusion reactor in the nearest future [1]. It is a
high power density fusion reactor and thanks to its
design it was possible to achieve sensible size reduction; one of the reasons of such size reduction is the
adoption of the innovative High Temperature Superconductors (HTS) [2], resulting in a cheaper and easier to assemble reactor. Despite the reduced dimensions, the reactor will be able to produce around 500
MWth, that will be also converted in electricity. According to a study conducted at MIT [3], the ARC
reactor is designed with four types of magnets. Out
of these four, toroidal field (TF) and poloidal field
(PF) magnets are the ones that will work in steady
state regime in order to assure enough magnetic confinement for stability, shaping and startup. Both TF

BACKGROUND RADIATION AND
REGULATION
The background radiation includes natural and
mankind-made sources characterized by activity
(emission of energy or particles) and that deliver a
dose to human body [7]. Natural radiation represents
most of the background radiation, in fact, less than
20% comes from artificial sources.
According to the UNSCEAR – United Nations
Scientific Committee on the Effects of Atomic Radiation – the average dose delivered to human body
during a whole year is around 2.4mSv/y [8]. Any further dose received has been regulated, and it depends
whether people that are directly exposed or not. According to the regulation, the limits of equivalent
dose received for the public are [9]:
x An effective dose of 1 mSv in a year;
x An equivalent dose to the lens of the eye of
15 mSv in a year;
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Additional restrictions are applied to younger
people, female workers who has notified pregnancy,
or breast-feeding.

An equivalent dose to the skin of 50 mSv in

FIGURE 3
CICC cross section design [15]. The lines in the
REBCO stacks represent the orientation of the
tapes, parallelly to the toroidal magnetic field,
BT.

FIGURE 1
ARC fusion reactor layout [1]. Numbered items
indicate components as follows: 1: plasma;
2: New redesigned divertors; 3: Copper trim
coils; 4: High temperature superconductors
(HTS) poloidal field coils, thanks to which,
plasma is shaped in the divertors; 5: FLiBe
blanket, works both as a thermal and neutron
shield from neutrons; 6: HTS toroidal field coils,
to shape plasma in the toroidal portion of the
vacuum chamber; 7: HTS central solenoid, for
inductive startup; 8: Vacuum vessel;
9: FLiBe tank; 10: electrical joints in toroidal
field coils

THE REBCO IN THE TF COIL DESIGN
During the years, different types of REBCO
HTS have been studied. Among them, the ones with
composition YBa2Cu3O7 [10] have been chosen to
build the TF coils of the ARC reactor [5]. They are
placed in a 40x40mm conductor made with the Cable
In Conduit Conductor (CICC) method: an external
structure of SS 316LN encloses a copper stabilizer
where stacks of REBCO tapes are placed parallelly
to the magnetic field and cooled by liquid hydrogen
that flow in a central channel as shown in Figure 3.
The whole conductor is insulated in a similar way of
the K-Star design [11].There are 15 layers of CICCs
in each TF, similarly to the ARIES-I design [12],
cooled down to 20K [13], and are shielded by 25cm
of ZrH2, as a result of conservative considerations
made by Kuang et al. [5]: since there is a lack of data
for high energy neutron exposure, Kuang et al. have
estimated the lifetime of HTS using Nb3Sn superconductors data, characterized by lower thresholds
[14]. Such design choice should allow the HTS
closer to the plasma region to last at least 12.5 FPY
(Full Power Year) and yet being able to guarantee
their performance without experience eccessive
neutron damage.

FIGURE 2
Not to scale representation of the material composition of the superconductor by SuperPower
Inc. [10]. Details concerning the thickness of
each layer are also shown.
Higher limits are set for people directly exposed to source of radiation (regulation concerns
people older than 18 years old):
x An effective dose of 20 mSv/y, averaged
over 5 consecutive years (100 mSv in 5 years) and
of 50 mSv in any single year;
x An equivalent dose to the lens of the eye of
20 mSv per year averaged over five consecutive
years (100 mSv in 5 years) and of 50 mSv in any
single year;
x An equivalent dose to the extremities
(hands and feet) or the skin of 500 mSv in a year.

MATERIALS AND METHODS
The activation data for the REBCO superconductors have been obtained from the setup of a
model that foresaw the solution of a neutronic problem by means of the MonteCarlo (MC) neutronic
transport code OpenMC [15], followed by an activation analysis with the code FISPACT-II [16]. Such
model excluded in its analysis the layers of silver and
copper since they are well known materials even
concerning their behavior under neutron irradiation
[17, 18, 19]. In order to reproduce the same neutron
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flux of the reactor in nominal working conditions –
2.2*1020 14.1MeV neutrons/s – an isotropic source
has been adopted for the geometry considered in the
MC transport, using cross sections data from
ENDF/B-VII.1 library [20] at 20K and survival biasing as variance reduction technique [21]. As energy
spectrum has been taken as reference the one used
during magnetic confinement experiments for the DT reactions in the ITER project [22].
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The transport analysis has been done in the
nominal condition, and thanks to the neutron shielding effects of the materials between the plasma region and the TF coils, the neutron flux of the REBCOs is ~4.2e9 n/cm2s (with an accuracy of 6.3%),
with a softer energy (thanks to the shielding effects).
From the transport solution, the activation analysis
has been done: the outcomes are shown in Table 2
and Figure 5. The radiation damage, in terms of DPA
accumulated, and He produced is modest and coherent with other results of Kuang et al. [5]. Some of the
energy of the neutron fluence have been stored in the
tapes, in the form of KERMA: that has triggered
photon emission due to interaction between the excited nuclei, expressed by a contact dose delivered to
human body in mSv/h (more details on how it has
been calculated in appendix C.7 of the FISPACT-II
manual, [23]), shown in Figure 4. A scenario in
which a contact dose is delivered to human body
could be during maintenance operations, where the
irradiated tapes would be handled by bare hand from
the personnel. For the comparison with background
radiation, a contact of one hour is assumed, although
such scenario is extremely unlikely to occur, besides,
irradiated objects are shielded properly and handled
with devices controlled remotely by authorized personnel. Hereafter some observation based on that
graph will be made:

FIGURE 4
CICC rendering
numbered items indicate components as follows: 0: Neutron shielding, ZrH2; 1: AISI316LN Lattice, in light green
and blue; 2: Kapton insulator; 3: S2 glass insulator, in dark
green; 4: AISI316LN structure; 5: Cu matrix; 6: REBCO
stacks; 7: coolant channel – H2

x Among the layers of the REBCO tapes, the
Hastelloy one resulted to be the most activated one,
delivering the highest dose to human body (values
are consistent with the ones of energy released in the
lattice, KERMA, during irradiation period, since
they resulted to store more energy). This could be
due to the high tenor of Nickel (more sensible to neutron irradiation) in its composition and it is coherent
with some concerns raised by the adoption of the Inconel 718 as material for the first wall [3]. Since it is
also the thickest material of the tape (refer to Figure
2), it influenced the weighted average doses of the
overall tape.
x Within one year from the irradiation, the
dose delivered reduces its intensity of almost one order of magnitude for most of the materials involved
(exception made for the Hastelloy layer), with an
average value of 675.1±0.1 mSv/h, value still higher
than 500 mSv, limit for the dose delivered on body
parts exposed to radiation (hands and feet) in one
year [9].
x Within ten years from the irradiation, the
weighted average dose delivered is already
202.8±0.01 mSv/h.
x After fifty years, the weighted average dose
delivered to human body is only 1.3±7.3e-7 mSv/h.
These values highlighted represent the rates of
dose delivered to the extremities of human
body. Since some body tissues are more sensible to radiation exposure than others, the dose
equivalent is corrected by a weighting factor

The reactor wall has been designed in order to be
consistent with these works [3, 5] in terms of neutron
fluxes, computed in the vessel and in the backplate,
with Inconel 718 as a structural material; details on
the materials are shown in Table 1. In order to model
the CICC further assumptions have been done: the
six stacks shown in Figure 2 have been reduced to
two, while keeping the average amount of REBCO
in the CICC; also, although the thickness of a single
tape is ~0.1mm, composed by several layers at the
nm scale, an equivalent homogeneous material has
been placed in each of the two stacks. The reason
behind such simplification is to reduce the computational cost of the transport solution: macroscopic
cross section are of the order of cm-1 while details of
the tape are at the nm scale, therefore, in order for
the OpenMC code to return tallies of the neutron flux
of good quality, it would have been necessary to increase the number of particles per history, and so the
computational cost. Figure 4 shows the result of the
assumptions. Also for the activation analysis the
ENDF/B-VII.1 library has been used and an irradiation time interval of 12.5 years has been set.

RESULTS AND DISCUSSION
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and the effective equivalent dose is calculated
as shown by Equation 1 [25].
In the scenario examined we have considered hands,
(or more generally, the skin and the bone beneath
them) Equation 1: Dose effective [Sv]
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that are less sensible to radiation than other tissues,
therefore their wi=0.01; the resulting equivalent effective dose should be corrected by a factor of 0.02
(0.01 for bones and for skin), thus attenuated by almost two orders of magnitude.

TABLE 1
Reactor wall details [3, 5]
Plasma Region
Material
Scrape Off Layer – W
First Wall – Inconel 718
Coolant – FLiBe
Multiplier – Be
Structural Material – Inconel
Tank fill – FLiBe
Blanket – Inconel 718
Thermal Shielding – AISI 316LN
Neutron shielding – ZrH2

REBCO layer
YBa2Cu3O7
CeO2
MgO
Y2O3
Al2O3
Hastelloy

/
Thickness [cm]
0.1
1
2
1
3
100
3
3
25

TABLE 2
Activation analysis – further results
DPA [-]
KERMA rate [kW/kg]
1.50*10-03
2.72*10-06
1.55*10-03
6.39*10-06
-03
1.95*10
5.05*10-07
-03
1.61*10
1.03*10-06
-03
1.65*10
1.18*10-06
2.15*10-05
9.22*10-04

He prod [appm]
4.65*10-02
5.49*10-02
5.38*10-02
5.10*10-02
4.68*10-02
1.01*10-02

FIGURE 5
Activation results from FISPACT – Total gamma rays dose delivered rate [Sv/h]

8509

© by PSP

Volume 31– No. 08A/2022 pages 8506-8511

Fresenius Environmental Bulletin

FIGURE 6
Dose equivalent rates from radioactive sources
would cause modest activation of the REBCO tapes,
resulting in contained values of dose rates after ten
year from the irradiation exposure, and marginal
effects after fifty years.

In Figure 6 we compared the dose rates highlighted previously (and corrected by weighting factors) with some exposure rates and doses that people
can experience in common circumstances of daily
life [26]. Considering the magnitude of the dose rates
the irradiated tapes deliver, we can exclude deterministic effects, that would be caused by higher
rates. It appears more reasonable to compare their
stochastic effects, related to the probability of the onset of malignant or hereditary diseases. Within the
first ten years, the equivalent dose delivered in one
hour from the irradiated REBCO tapes is comparable
with the dose delivered to the body during a chest CT
(Computed Tomography) scan; after fifty years, the
dose rate of the tapes is comparable with the one people in the International Space Station would experience and lower than the dose we receive from natural
background radiation due to the Radon activity in
one year.
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Environmental ethics define the man’s moral
obligation to environment. But are we offering
progress to our world in the long run by using any
substances without thinking about the environment?
Are there any environmental obligations that
humans should keep for future generations? Is it
right to cause the extinction of a species only
because it is convenient? In the same way should
humans continue to destroy forests for the sake of
human consumption? Or should humans continue
to make gasoline powered cars? All the above seem
irrelevant as theories and ideas but under the shield
of
the
environmental
conservation
and
sustainability become one and the same problem
seeking solution: the impact of technological
advances on our environment has been detrimental
to all creatures’ health and well-being and there is a
need for new ways to preserve the environment and
continue exist through ecological modernization,
growth-delinking, dematerialization.
A research we conducted recently by giving a
questionnaire to 100 environment scientists to fill
in, related to how connected the environment and
bioethics is, had as a result that almost 70% of them
claimed that there is no belief of a connection
between environment and ethics as well as the role
of bioethics on the environmental protection. This
assignment is going to show the degree of
connection among the above notions and their
importance to humanity and the planet.

ABSTRACT
The aim of our study was to present the
connection between environment and bioethics and
how this connection could be implemented in a way
that would promote a cleaner planet and healthier
people. Bioethics can be deﬁned as the systematic
study of the moral dimensions, including moral
vision, decisions, conduct, and policies of the life
sciences and health care, employing several
methodologies in an interdisciplinary setting. In
brief, bioethics is about right-doing or doing what
ought to be done. Bioethics can be conceptualized
in philosophical terms and/or in theological terms.
Sometimes, bioethics exclusively focuses on the
applied ethics to medicine, or the value-based
medicine. In so doing, the big questions emerge in
the foreground that deals with the value of life and
the resulting social arrangements necessary to
sustain priorities. Allocating funds in healthcare is
a typical example where bioethics thrives.
Bioethics, the ethical side of things concerning
the rapid advances of biotechnology and
technological progress, is a notion that becomes
more and more influential in scientific research
nowadays. It is widely believed that bioethics
should apply in all aspects of life but do people
know what exactly is bioethics? Do they understand
its importance in our existence? How can people
understand that their everyday life is substantially
influenced by a respectful to the environment green
city program, a healthy diet with biologically tested
food, sustainable development which is not limited
in economic criteria but in ecological/ environmental ones and applications or by climate change?
It is vital for our development and evolution as
species to comprehend in depth the link among
these ideas in order to have a life defined by
quality, health, ethics and respect to our
environment.
On the contrary, Environmental ethics is
concerned with the moral relations that hold
between humans and the natural world. The ethical
principles governing those relations determine our
duties, obligations, and responsibilities with regard
to the Earth's natural ecosystems.

KEYWORDS:
Bioethics, environment, ecology, sustainability, environmental protection, environmental education, law

INTRODUCTION
The aim of our study was to show how
important bioethics are when taking into
consideration the action itself especially in serious
environmental issues and to indicate that a
compromise between the ecological value of
protection and the economic value of exploitation
can have invaluable results for our world and well
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being. Nowadays, it is a well-known fact that
Bioethics exist as a limitless estimating calculator,
as a way to indicate to the people that without the
proper respect to the limits of other species and the
planet Earth itself we cannot continue living the
way we do. As a matter of fact, these words are as a
paraphrase of the definition of the word democracy.
[1].
There can be no democracy, no freedom
unless the human species comprehend the values of
the environment, the same essence of life. In every
aspect of life as we know it, there are several ways
to approach things and there are theories that
analyze these approaches. The use of a product, for
instance, can show how people treat the
environment and the rights of the other living
creatures on the planet. There are those who take
advantage of the opportunity to use it for personal
reasons only and even keep it only for themselves
and there are always some others who use it wisely
so that everyone can have the pleasure to enjoy its
qualities. Also it leads to questions like ‘Does a
natural object such as a fruit have value, by virtue
of being a natural object, or does it hold value
when it becomes a food to humans and animals?’
(6) The anthropocentric approach, which is the first
in our example, is not so ecofriendly whereas the
deep ecology approach is too harsh on people’s
everyday routines as it demands to be a part of
nature and respect its requests. In this contrast come
bioethics to ‘explore the moral, philosophical, theological, and legal foundations of environmental
policy’ [2]. It is difficult for many people and scientists to understand how bioethics can help in solving or preventing environmental issues. The fact
that bioethicists are connected with health, final
decisions of patients, decent ending of life or legal
rights of doctors does not restrict their field in issues that have to do with environmental pollution
and destruction of habitats and life because this is a
field of study that can prevent many detrimental to
health actions from happening.
Education plays an important role in the implementation of many of the above mentioned ideas, especially those that have to do with alternative
ways of living and thinking as far as the environment is concerned. It is through education that our
planet will have chances of surviving. Education
not only of the future generations but also of each
individual separately and all together in every aspect of life that can be saved and protected concerning politicians, scientists and all those that can have
an impact on our environment with their actions.
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the planet. This is the result of wishing more money, more luxury, more comfort without thinking
about the perspective of destruction and loss of all
this wealth. In the recent years there has been a
tendency to alternative and more eco-friendly ways
of life. Sustainability has become important in order
to create a viable environment. While this presents
a challenge to the authorities around the world, its
long-termed benefits suggest that it is worth implementing. Implementation, though, needs a power
to strike a balance. Bioethics can play the role of
this power as a science that examines the ethical
approach of the action itself and then the impact it
may have on people’s health and well-being. In
addition, ‘Economic development and care for the
environment are compatible, interdependent and
necessary’. [see 2] The fact that people and especially some scientists consider bioethics irrelevant
to the global environmental problems and also the
absence of knowledge of the bioethical intrinsic
meaning led to the decision of conducting a research among participants that have to do with
environmental matters.
The research was conducted from April to
June 2018. It concerns environmental ethics as
opposed to bioethics and how important they are in
the application of environmental ethics. The aim of
this questionnaire is to indicate how connected the
environment, environmental ethics and bioethics
are and also to record the knowledge, views and
practices of the respondents regarding their
knowledge of environmental ethics and bioethics.
For this purpose, a questionnaire was created
which consists of a total of 16 questions and is
divided into two sections. The first section (4 questions) contains demographic questions. Τhe second
section (11 questions) contains questions about the
subject of the assignment concerning specifically
bioethics and environment and how they are connected. The questionnaire was created with the help
of the google forms application and was distributed
via e-mail to the respondents. The number of participants was 100, of which 65 were women and 35
were men. The statistical results were processed
and exported using the SPSS program.
Section 2 - Research Methodology. In the
first section of the questionnaire general information about demographic details were included.
More specifically, in the first question about gender
all the answers were valid and there were 65 women and 35 men (Table 2):
TABLE 1
Number of valid and missing answers (stands for
all the questions in both sections)
Valid
100
Missing
0

MATERIALS AND METHODS
Section 1 - Background. The human beings
have created a selfish and irresponsible lifestyle
that has no respect for the other living creatures on
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TABLE 2
Percentage of men and women
V
Frequency
%
Men
35
35
Women
65
65
Total
100
100

1
2
3
4
5
GRAPH 3
Percentage of the educative level of participants

35

In the question concerning age there were five
age categories for the 100 questionnaire-takers to
choose from. They were from 18-30, 31-40, 41-50,
51-60 and 61-more.(Table 3)
In the fourth question of the first section of
our questionnaire there were six categories of professional types i.e. people working in the public
sector, private sector, freelance, pensioner, student
and unemployed. There were no participants of the
categories of pensioners and unemployed but there
was great and interesting participation level in the
other categories.

GRAPH 1
Men and women percentage

AGE
18-30
31-40
41-50
51-60
61-more

TABLE 3
Age of participants.
FREQUENCY PERCENTAGE
20
20
35
35
20
20
15
15
10
10

TABLE 5
Professional identity of participants
Category
Frequency
Percentage
Public sector
15
15
Private sector
35
35
Freelance
5
5
Pensioner
0
0
Student
45
45
Unemployed
0
0

Age
15%

10%

20%

1
2

20%

35%

professional category

3

0%

4
5

15%

2

45%

GRAPH 2
Age of participants

35%

In the third question about the educative level
of the participants the answers were mostly answered by participants with tertiary educative level
and in particular Master and PhD. (Table 4)

0%

1
3
4
5

5%

6

GRAPH 4
Professional categories of the participants

TABLE 4
Education level of participants
EDUCATION
RESULTS PERCENTAGE
primary
2
2
secondary
18
18
tertiary
25
25
master
30
30
PhD
25
25

In the second section of the questionnaire the
questions were targeted at the relation of ethics,
bioethics and environmental ethics. There are sixteen questions. Due to limitations of the overall
length of the paper the most significant questions
will be presented extensively and the remaining
will be mentioned at the end of the paper after the
references section. The answers between men and
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women did not present significant differences so
there are no results of interest concerning this parameter. The same happened with the age and the
profession of the respondents. It was really impressive that as far the environment is concerned people
no matter what their socio-economic background
have many behavioural reactions in common. In the
following questions there are some inferences to the
most indicative questions of our assignment.
The first question was B.1.Do you think that
environmental ethics and bioethics are connected? Out of the 100 participants 65% answered no
and 35% yes.(Table 6)

Fresenius Environmental Bulletin

Bioethics is only related
to medical services
25%
1
2
75%
GRAPH 6
Relation of bioethics to medicine
TABLE 8
Appreciation of nature
Frequency
Percentage
Should we
appreciate
nature for
our interests?
Yes
90
90
No
10
10

TABLE 6
Connection between ethics and bioethics
Connection
Frequencies
Percentage
between ethics and bioethics
Yes
35
35
No
65
65

10%

Connection

1

35%
65%

1

90%

2

2

GRAPH 7
Appreciation for Nature

GRAPH 5
Connection between ethics and bioethics

RESULTS AND DISCUSSION

The second question was B2.Some people believe that bioethics is only related to medical
services and doctors'/patients' decisions. Do you
think that this belief is true?
Out of the 100 participants 75% was positive
that bioethics has to do only with medical matters
and 25% considered that it can be implemented to
other factors of everyday life like environmental
matters.
TABLE 7
Relation of bioethics only to medicine
Frequency
Percentage
Relation of
bioethics
only to medicine
Yes
75
75
No
25
25

The same response was attributed to the question ‘Is human convenience more important to you
than nature conservation?’ Furthermore questions
like ‘Is it right to cause the extinction of species
only because it is convenient for the human race?’
or ‘Should we use substances/products that are
harmful for the environment only because we think
that they are useful or effective?’ also received
positive reactions indicating that there are some
who believe that the extinction of a species causes
no harm so it is something that can happen with no
serious consequences to the human race and the
planet. Some other questions like ‘Should we respect nature as having a good of its own no matter
how much it contributes to our well-being?’, ‘
Which experts of the following do you think should
be able to decide about environmental risk decision
making?’, ‘How important are environmental issues
to you?(1=not important ...5=very important)’ and ‘
Do you think that by following the methods of deep
ecology we are going to have a better world not

The third question was: Should we appreciate nature for the advancement of our interests?
Out of the 100 questioned 90% answered positively and only a 10% answered negatively.
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est in times of a turn towards the environment and
its sustainable resources as well as its recyclable
approaches and the greener approach to everything
that has to do with Environment
Environmental values should not be taken
lightly as the correct use of technology and science
in combination with the bioethical approach to
every aspect of everyday life can lead to selfawareness of people and at the same time can guide
the authorities into new methods of decision- making policies about Nature. The political authorities
especially should pay extra attention to careless use
of science and in every action they should start
considering the bioethical approach as this is the
corner stone for the moral dimensions of the action
itself. This consideration in combination with education is necessary tools that are going to lead to a
more responsible treatment of the above mentioned
and analyzed issues. They ‘can raise awareness
among leaders of health care organizations about
how their decisions have an impact on climate
change’ It is evident that people should change their
lifestyles to more sustainable ones. Environmental
education cannot happen in one day. Stability and
patience combined with responsibility and good
example are needed in order to establish new and
more accurate values in humanity that will contain
respect for the nature and the planet and willingness
for a life conceptualized in more open-minded
principles that will not restrict but at the same time
prevent policies that impose impunity in our world.

only as far as nature is concerned but also the principles of society?(deep ecology=the theory that
supports that man is a part of the whole environment so man should be integrated in it without
harming it in any way)’ and their answers reveal a
certain anthropocentric approach but with negative
connotations. In the same way the answers to the
question ‘Should we use substances/products that
are harmful for the environment only because we
think that they are useful or effective?’ had more or
less proportionately the same percentage indicating
that for some the reception of harmful to the environment substances is totally acceptable as long as
they can be satisfied individually. The last category
of questions ‘Should we distinguish bioethics and
environmental ethics?’, ‘Do you think that cloning,
euthanasia, animal testing or toxic substances/medication are irrelevant to environmental values?’, ‘Do you think that a society that supports the
technology for smart cities or smart cars cannot
respect adequately Nature and Environment?’ ‘Is
human conveniece more important to you than
nature conservation?’ ‘Do you think that people
should be more concerned about environmental
issues and take part more actively in any actions
concerning them?’‘Is it important to respect and
care for the environment as we do for our own
home?’ and finally ‘Do you think that through the
appropriate educational approach environmental
ethics and bioethics will be interrelated for the
common good? and their answers tend to indicate
that planet earth should offer its services to the
human race no matter what the consequences
It is obvious that bioethics is not considered an
applied science by many people and the little that is
widely known have to do with medical research and
the end of life decisions or any other decisions the
doctors have to make concerning the patients. It is
also evident from the indicative questions that were
previously presented that people and especially a
great percentage of scientists have the impression
that the environment should be treated by all of us
like our home but when it comes to our well being
then some are willing to accept its destruction as
long as it does not change their ‘wonderful’ way of
life. It is also very indicative the perception that
bioethics are irrelevant to environmental issues.
It is of utmost importance that people mainly
and the various social structures adopt the notions
and principles of bioethics for a healthier environmental approach. Human convenience should not
be considered more important than nature conservation. The appropriate educational approach to environmental ethics and bioethics can be interrelated
for the common good and the education combined
with the guidance from the close family background can lead to a responsible and careful response to environmental issues. It is suggested by
almost 1/3 of the respondents that nature should be
used for people’s interests which is of utmost inter-

CONCLUSION
Despite the fact that people try to solve
environmental problems with the help of
technology and science it is undeniably necessary
for certain individual-oriented tools to be
implemented so that all socio-economic, political
and intellectual factors can be merged into a notion
very important for the future generations, called
environmental education. Such tools can be selfawareness or responsibility in order to respect the
others and the environment combined with the
bioethical dimensions which contribute in the
careful use of science and technology for people.
Consequently, technology, science, legitimacy and
environmental ethics when collaborating as notions
together under the dimensions of bioethics can
compromise the ecological and economic value
promoting the environmental issues.
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GLOBAL ENVIRONMENTAL CHANGES AND WOMEN
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rity of the ecological status of ecosystems has an important mitigating function for the entire global population and its resilience. Natural disasters represent
one of the most serious humanitarian emergencies,
most of the population in the next few years could be
in danger, and the health of a lot of people at risk [4].
GEC is an ongoing and growing challenge to
well-being, the human condition, and global health;
the consequences dramatically affect the economy of
low-income countries and the poor classes of middle-income countries, with consequent negative repercussions on human rights and social justice [5].
The global climate crisis threatens most people
and their human rights, and in particular fragile populations like women, children, and older people.
Women have higher rates of death than men from
extreme weather events, such as hurricanes and other
storms. Pregnant women are especially susceptible
to vector-borne diseases, such as malaria, and waterborne disease. Because of longstanding bias and discrimination, in many countries women have fewer
resources to deal with damage and loss from extreme
weather events [6].
Gender equality is a fundamental human right
as well as a cornerstone of a prosperous, modern
economy that generates sustainable inclusive
growth. Defense of human rights and gender equality
are an emerging and recently considered issue when
associated with environmental policies [7].
Addressing climate change is a health and human rights priority, and action cannot be delayed.
Mitigation and adaptation measures must be equitable, protecting and promoting human rights.

ABSTRACT
Recent and rapid global environmental change
represents an issue of considerable interest and urgency. The health consequences of global environmental change profoundly affect women, who play a
key role in building mitigation, adaptation, and resilience. To highlight the need for innovative and collective strategies, we included a gender perspective
as a significant dimension in the sustainability and
development of environmental policies. Community
and ecosystem intervention should be based on the
best available science integrated with traditional and
indigenous knowledge, by gender-sensitive approaches into relevant social, economic, and environmental policies.

KEYWORDS:
Global environmental change, women, gender gap, sustainable development goals

INTRODUCTION
Global environmental change (GEC) is a pressing issue as evidenced by the rise of extreme weather
conditions in many parts of the world, threatening
the survival of vulnerable species and habitats [1].
World Health Organization (WHO) defines
GEC as “large-scale and global environmental hazards to human health that include climate change,
stratospheric ozone depletion, changes in ecosystems due to loss of biodiversity, changes in hydrological systems and the supplies of freshwater, land
degradation, urbanization, and stresses on food-producing systems” [2].
The consequences of GEC can result in extreme natural events, catastrophes, and climate
change. Long periods of drought, floods, excessive
heat, and cold waves are at the root of the socio-economic changes of a large part of the world's population and ecosystems. The significant increase in the
Earth's temperature has led to the melting and recession of glaciers and this will have a potential impact
on water reserves with consequent sea-level rise and
endangerment of coastal regions [3].
Drastic environmental changes will have repercussions on ecosystems, which will undergo consequences difficult to counter and mitigate. The integ-

MATERIALS AND METHODS
A non-systematic literature review was conducted. The databases selected in this study were
PubMed, Science Direct, and Google Scholar. Consequently,
We searched for the MeSH (Medical Subject
Headings) terms: global environmental change,
women, sustainable developmental goals in the last
15 years. 150 articles were assessed and 27 were selected. Relevant data to the objectives of this paper
have been synthesized using interpretive analysis.
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in the policies to contain global environmental
change. Women are responsible for subsistence agricultural work and in the conservation and redistribution of water, often without being paid back [13].
The South African project “Girls in risk reduction leadership” GIRRL, together with other projects, helps in building resilient communities
through the integration of adolescent girls into locallevel decision-making, mitigation, and adaptation
actions. The GIRRL Program contributions improved community resilience through engaging decision-making, facilitating a multi-sectorial understanding of vulnerability and risk, validating the importance of girls in risk reduction, creating the capacity to manage girl-led processes, and strengthening risk reduction through local girl-led activities
[14].
In 2010 the Colombian village of Pasifueres
flooded and the wetlands were decimated. Without
the natural buffer of wetlands, which should have
acted as a giant natural sponge during floods, lives
and livelihoods were put at risk. Women from 44
communities took part in the project, which restored
900 hectares of wetlands and recovered 40.3 kilometers of canals, improved the lives of some 15,928
people. The project was implemented thanks to the
Colombian Ministry of Environment and Territorial
Development, and United Nations Development Programme with support from the Adaptation Fund. In
Pasifueres women seem to be affected disproportionately by climate change and its impacts on the intensification of poverty and vulnerability. Since 2015,
the people of Pasifueres have been looking at changes
in their territory; their 9.5 kilometers canal is now
alive and connected to two nearby wetlands, permitting improved interchange and oxygenation of the
water. Even though women play a decisive role in agriculture labor and food security across the globe, and
they have key knowledge regarding the sustainable
use of soils, water, seeds, and traditional medicine,
they get fewer loans and training and own less land
[15].
In Central Africa, over the last 60 years, Lake
Chad has decreased by 90% as a result of overuse of
water, extended drought, and the impacts of climate
change. The ecological disaster has not only destroyed livelihoods but has led to the loss of invaluable biodiversity. More than 30 million people rely
on freshwater from the lake shrink, communities and
in particular, nomadic indigenous women are struggling to collect water and firewood, work even more
difficult due to drought and deforestation. Internal
migration is increasing, as well as people looking
further afield to places such as Europe for work. The
women and children left behind have to fill the gaps
and are forced to innovate to maintain food security
[16].
In periods of prolonged drought, women and
girls make more frequent and longer journeys to obtain food and water, which makes them vulnerable to

RESULTS AND DISCUSSION
The Global Environmental Change represents
one of the most difficult challenges of this century
and generally women experience the most negative
impacts due to environmental emergencies.
Women are also increasingly proactive in negotiating and adopting individual and collective innovative strategies for dealing with and adapting to
global environmental change. A concrete response to
this unavoidable need is sanctioned by the resolution
of the European parliament of April, 20th 2012 on
women and climate change [8]. This document represents an important step and highlights different aspects, such as general provisions, adaptation, mitigation, and the possibility of financing. Adaptation interventions, which provide for the reduction of risks
as a result of environmental changes, and mitigation,
which addresses the root causes (for example the reduction of greenhouse gas emissions) must also involve women in the decision-making process. In
2015 the United Nations launched the Sustainable
Development Goals (SDGs), 17 common goals that
concern and involve all countries and all individuals:
“leaving no one behind” [9]. These goals are interconnected, meaning success in one affects success
for others. SDGs represent a unique and greatest
chance we have to improve life for future generations, and in particular for women and girls. The
problems related to the availability of resources, the
impact of their use, natural risks, and climate-environmental changes, have imposed on the recent scientific and political debate the need to approach the
problem from a gender perspective, as indicated by
SDG5 [10]. Sustainable solutions must consider the
role of women, who seem to be the most exposed and
the most penalized, but above all the main protagonists of resilience with their actions of resistance and
reorganization. GEC is not neutral from the point of
view of gender difference: women and men implement different strategies to cope with environmental
changes. Diversity is not only determined by biology
but is also attributable to the different social roles
and responsibilities that men and women play in the
social context [11].
The ability to mitigate and adapt is also mediated by social, economic, cultural, institutional, and
biological factors; the inclusion of gender issues
must ensure adaptation and mitigation programs
where women must be seen as the protagonists of
sustainable life choices due to the role they play in
the family and society. Environmental justice is not
possible without effective gender equality and the
elimination of inequalities is not in contradiction
with the fight against environmental change [12].
Tackling global environmental change is closely
joint to sustainable development. The intertwining of
the components of the socio-ecological system and
how women try to respond, both individually and
collectively, represent one of the fundamental steps
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responsibilities must not be negotiated and promulgated when there is a heavily discriminatory power
against women; we need to pay more attention to
daily reality and how women face and manage emergencies and adaptation. In particular, women differ
in the perception of risk and in the choice of intervention strategies to counter the effects of GEC. The
best available science integrated with traditional and
indigenous knowledge, by gender-sensitive approaches, could represent the innovative answer to
GEC. Women and girls play a central role in the provision, management, and safeguarding of household
water and sanitation; addressing the water and sanitation needs of women benefits the health and wellbeing of entire communities. Women play a critical
role in food production, processing, and distribution
and are therefore essential to meeting the agricultural
productivity and nutrition targets. Gender equality is
critical to mitigating climate impacts: women’s inclusion in climate discussions leads to improved outcomes of climate-related projects and policies. Development can be considered truly sustainable only
if the most effective and fair decision-making actions include a gender perspective [21].
Three important themes encompass world
cases linking global environmental change and gender: i) the development and application of ecological
knowledge in specific context situations, that take
into account geography, culture, and social order; ii)
the improvement of administrative structures; iii) the
daily practice that must be able to respond and adapt
to global environmental changes.

sexual assault. The effects of GEC are leading to an
increase in violence against girls and women in
many parts of the world.
With increasing drought and desertification in
the global south, more and more sources and wells
are drying up. Fetching water is often a woman’s job,
and if they are forced to walk farther for that water
the risk of sexual assault also increases, especially in
regions characterized by armed gangs [17].
Gender-based violence (GBV) and environmental issues are interlinked, and so their interactions are complex, diverse, and multilayered. In
some contexts, they form feedback loops where gender-based attacks, harassment, and discrimination
worsens the loss of biodiversity and ecosystem resources, and this environmental deterioration triggers new, more damaging forms of violence. In other
contexts, preventing and responding to GBV unlocks
opportunities for enhanced environmental actions, as
well as for women’s and community empowerment.
GBV is not only a human right violation but also a
barrier to conservation and sustainable development.
Beyond the immediate impacts of gender-based violence, from physical to psychological health and
wellness consequences, long-term effects include diminishing women’s engagement in and benefits
from economic and educational opportunities, reduced visibility and agency in programming and projects, and marginalization from decision-making
spheres [18].
In 2019, at the UN Climate Change Conference, only 41 of the 196 heads of delegation to the
Conference of the Parties were women (21 %). The
United Nations Framework Convention on Climate
Change intersectional in June 2019 had greater female representation, but was still below parity:
women made up 43 per cent of national delegations
and headed only 29 % of these. In their countries
women go farther. In January 2020, women held
54.2 % of ministerial positions responsible for the
environment, natural resources, and energy [19].
The recognition of the need to include women
in environmental policies is recent history and research on women and global environmental change
must change its paradigm. It must not address
women as individuals, as opposed to men, but as a
community capable of implementing strategies to
mitigate the effects of negative environmental events
and increase the level of resilience [20]. Efforts to
reduce risk must be inclusive of the needs of vulnerable populations. Despite the implementation of
women's presence, and their contribution to creating
a social relationship, women’s participation in strategies and decision-making processes for access to
resources remains limited.
An interpretation of social norms from a gender
perspective can legitimize or hinder innovative actions, which will have serious repercussions on the
adaptive capacity in building resilience. Actions and

CONCLUSION
An adaptation allows natural or human systems
to adapt to the present or future stresses of environmental changes. An adaptation can only be successful and effective if the strategies employed can integrate local culture and knowledge with scientific research. Mitigation and adaptation are two actions
that must act simultaneously, they cannot be separated if we want to reduce poverty and limit social
inequalities as much as possible. GEC impacts
women and men differently and can be more pronounced in developing countries and for local communities and indigenous peoples. Women and girls
belong to the most vulnerable groups displaced by
climate change and are therefore particularly vulnerable to trafficking and gender-based violence.
Gender-responsive climate policy still requires
further strengthening in all activities concerning adaptation, mitigation, and related means of implementation (finance, technology development and transfer, and capacity-building) as well as decision-making on the implementation of climate policies [22].
The risks associated with global environmental
changes affect both the south and the north of the
world. We should not forget the effects of the famine

8521

© by PSP

Volume 31– No. 08A/2022 pages 8519-8523

Fresenius Environmental Bulletin

The authors have declared that no competing interest
exists.

in the Netherlands of 1944-45, which led to a higher
prevalence of diabetes in the offspring of mothers
who were pregnant at the time [23]. Today we can
detect short-term effects, but we may also see an increase in chronic and disabling diseases that could
manifest themselves in the long term. It is mandatory
to promote growth that is inclusive, equitable, and
sustainable, the recognition of women and their participation in the creative and decision-making processes that govern their life and that of their community remains. Climate resilience needs women’s and
girls’ full participation and leadership in science,
technology, research, and development. We must
create a cross-cutting link between gender and GEC,
policies or projects need to be implemented with
women’s meaningful participation, to decrease existing inequalities and increase effectiveness [24]. The
availability of sex-disaggregated data for gender
analysis is a priority and gender-responsive climate
policies, plans, strategies, and actions are needed.
The gender technology gap also negatively impacts
countries’ potential for economic growth and development. Digital literacy has become almost as important as traditional literacy. Over 90% of jobs
worldwide already have a digital component and
most jobs will soon require sophisticated digital
skills. If governments equip girls with digital skills
through prioritizing education in Information and
Communication Technologies (ICT) subjects, they
will help girls thrive in economies where routine
work has been automated and digital skills are
prized. Technology can also be a powerful tool for
girls to become activists and lead change on issues
that affect them. Social media platforms, for instance, allow activists to reach a wide audience and
organize action towards common causes [25].
Women commonly face higher risks and
greater burdens from the impacts of climate change
in situations of poverty, and the majority of the
world's poor are women [26]. Women’s unequal participation in decision-making processes and labor
markets compound inequalities and often prevent
women from fully contributing to climate-related
planning, policy-making, and implementation.
Only through gender equality and the removal
of barriers to access to finance, it will be possible to
achieve sustainable development [27]. Actions and
policies that take into account gender differences are
in place, but much more remains to be done.
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economic activity but also social dimension emerged
[3].
The world tourism industry has developed rapidly since the second half of the twentieth century.
This development took place in the form of mass
tourism until the 1980s, and mainly sea-sun-sand
tourism came to the fore. As a result of the problems
caused by mass tourism and the consumers' demand
for different products, alternative tourism types
emerged and developed rapidly especially since the
1990s. The tourism industry in Turkey, second half
of the 1980 as a result of a number of regulations and
an important work in the world has reached the position. Efforts to diversify tourism and spread it
throughout the year started to increase in the second
half of the 1990's [4]. According to [5], the development of tourism is based on the protection of the ecological environment.
Among the tourism-related reviews conducted
by taking the Kars province as an example, the following reviews affect the development of sustainable tourism in Kars; [6]'s winter sports tourism potential in Sarıkamış, [7]'s Susuz Waterfall’s 'tourism
potential, [8]'s evaluation of Kuyucuk Lake Bird Paradise in terms of ecotourism, [9]'s tourism activities
based on natural and tourism properties, [10]'s relationship between migration and tourism, [11]'s recreational tourism potential of Çıldır Lake, [12]’s effect of social media on tourism and tourist preferences on the example of Kars-Doğu Express, [13]’s
local cuisine culture in terms of gastronomy tourism,
[14]’s Eastern Express.
In this study, SWOT analysis was used to determine the tourism potential of Kars province. It has
been observed that SWOT analysis is widely used in
the evaluation of tourism potential in the literature.
Among these literature; [15] 's wine tourism, [16]' s
sports tourism, [17] 's Turkey's rural tourism potential, [18]' s Israel's western Negev tourism of the region, [19]'s yacht tourism in Turkey, [20] 's ecotourism of Iran's Alamut region, [21]' s sustainable tourism of Iran's Boujagh National Park, [22] 's sustainable ecotourism of Tandooreh National Park, sustainable tourism potential of [23] conservation areas
for landscape planning, [24]' s medical tourism, [25]
's sustainable tourism of Yeşilyuva Nature Park, [26]
's health tourism potential assessment is included.

ABSTRACT
The aim of this study is located in the east of
Turkey, to determine the tourism potential of a
famous name in Kars province in recent years. As a
research method; Internal Analysis (Strengths and
Weaknesses) and External Analysis (Opportunities
and Threats) method, SWOT Analysis, were used in
determining strategies for planning, implementing
and managing tourism activities in Kars. In this
content; Within the scope of SWOT analysis, a
questionnaire prepared with 5-point Likert type
questions was applied to 120 people who live in Kars
and know the city, including the expert group. In the
evaluation of the questionnaire conducted by
interviewing the participants, the mean and standard
deviations of the variables were determined by using
the T test and the significance levels were examined
with the ANOVA Test. As a result of the research;
The tourism potential of Kars province was
evaluated. As a result of the study, cultural
accumulation as a heritage to the future with a
historical and sustainable understanding with the
development of activities such as mountain, plateau,
agriculture, culture and ecotourism in rural
settlements in the region, which has an important
potential in terms of tourism.

KEYWORDS:
Tourism, Tourism Potential, SWOT Analysis, Kars, Turkey

INTRODUCTION
It is understood that the word tourism is derived
from the Latin word "tournus", which means turning,
moving, turning around. The words "tourner" and
"tour", which mean to turn around in French, are still
used [1,2].
Tourism is the activities related to meeting the
needs of people arising from their travels and temporary accommodation in the places they go, other than
their permanent residence. Tourism has been handled with its economic aspect and definitions have
been created within this framework. However, definitions began to diversify over time when not only
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used to determine the sampling size for the survey
study [37, 38, 39, 40,41].
According to TUIK 2018 data, the population
of Kars city center is 115 891. In this case, the size
of the universe was determined as 115 891. In determining the sample size, the following formula used
by [39] was used.
n=N.P.Q.Zα2/(N-1).d2
N: Universe unit number, n: Sample size
P: The rate of observation of X in the universe
Q: (1-P): Non-observation rate of X
ZD : 1.96 for D=0.05
d: Sampling error
For D=0.05 (d = 0.10) with sampling error (p =
0.5; q = 0.5), the sample size for the city of Erzurum
with the population unit number of 115 891;
N=115
891*0.5*0.5*(1.96)2:(115
8912
1)*(0.10) =96
Since the accuracy of the study is considered to
increase when the sample size increases, a survey
was conducted with 120 people, taking into account
the margin of error. 116 of the questionnaires were
evaluated. In the evaluation of the survey conducted
by interviewing the participants face to face, the
mean and standard deviation of the variables were
determined by performing the T test, and the significance levels were examined with the ANOVA Test.
In addition, the study area was studied at different
times, photographs were taken, tourism, SWOT
analysis and previous researches in the field of study
were examined.

In addition, [27] in the formulation of tourism
development strategies for destinations, [28] in rural
tourism development strategies, [29] in the medical
tourism destination used the SWOT analysis.
The purpose of this research; To determine the
tourism potential of the city of Kars, which is a city
that has become known in tourism in recent years
with its deep-rooted historical, cultural values, natural and unique riches, historical past and rich cultural
heritage in North Eastern Anatolia.

MATERIALS AND METHODS
The main material of the study consists of the
natural and cultural resource values of the province
of Kars and its surroundings and tourism resource
values consisting of historical and touristic areas,
Kars is located in the Northeastern part of the Eastern Anatolia Region of Turkey. It is neighbors with
Ardahan in the north, Iğdır in the southeast, Ağrı in
the south and Erzurum in the west. Its east is completely bordered by Armenia. The surface area of
Kars is 10,127 km² and its altitude is 1,768 m. The
Kars-Armenia border is 164 km. The territory of
Kars province; 40% is meadow and pasture, 34% is
arable land, 22% is non-agricultural land, 4% is forest and shrubbery [30].
Therefore, it has a continental climate; Winters
are long and harsh, summers are mild and even cool.
The city, which developed in terms of winter tourism
and plateau tourism, remained under the Russian occupation for 40 years after the Ottoman-Russian War
of 1877-1878. The works made by the Russians with
Baltic Architecture from 1890 to 1917 have a very
rich natural and cultural value.
SWOT (Strenghts, Weaknesses, Opportunities
and Threats) analysis was used as a method in the
research. SWOT Analysis; It is a method used to determine the strengths and weaknesses of the institution, technique, process or situation under consideration and to identify opportunities and threats arising
from the external environment [30, 31, 32]. Internal
(strengths and weaknesses) and external (opportunities and threats) factors can be revealed by using the
SWOT analysis technique in determining the tourism policies of a country, region or region. In addition to the secondary data generated by the reference
books in the analysis, the primary data sources of the
study area are questionnaire, interview, participant,
observation (meeting with local people by visiting
the region one-on-one) and central group discussions
[33, 34, 35, 36]. Questionnaire forms prepared with
5-Likert type questions were used in the study. The
questionnaire forms were applied to experts working
in local people and public institutions, at least high
school graduates, and having an idea about the tourism potential of Kars city and its immediate surroundings. The simple random sampling method was

RESULTS AND DISCUSSION
Tourism opportunities were determined for the
province of Kars in the research. Kars province is
suitable for tourism types such as health tourism,
rural tourism, highland tourism, sport fishing, flora
tourism, water sports tourism, winter tourism, food
and beverage tourism, lake tourism, cultural tourism,
faith tourism, historical artifact tourism, museum
tourism, special interest tourism, festival tourism.
Apart from these, Kars province, which has many
tourism diversity, contributes to the tourism of the
country with its heritage values. Table 1 shows the
tourism resource values and tourism types in Kars
Province. Information on the demographic
characteristics of the participants is given in Table 1.
Accordingly, 52% of the participants in the survey
are women and 48% are men. When the marital
status of the participants is examined, it is seen that
65% of those who are married and 35% of those who
are single are. The age ranges of the participants, on
the other hand, are listed as 45% 18-30 years old,
50% 31-50 years old, 5% 51 and over. When the
education levels of the participants are examined, it
is determined that 9% have high school,
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Tourism types
Health tourism

Rural Tourism

Plateau Tourism

Sportive Fishing
Flora Tourism
Water-Sports
Tourism
Winter Tourism
Food and
Drink Tourism

Lake Tourism

Culture Tourism

Faith tourism

Historical Artifact Tourism
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TABLE 1
The tourism resource values and tourism types in Kars Province
Tourism resource values of Kars city
The two-domed Mazlum Aga bath, built in the 18th century on the left side of the Kars stream
west of the Kars castle, is the most prominent example of Ottoman architecture in the city in the
18th century. It is also known as the bath with balcony due to the large balcony at the west entrance of Muradiye bath on the right side of the Kars stream.
Tourists who come to see rural life and live partially visit the villages. The trips made to see the
life in rural areas such as villages and farms in the valley, especially the interest in Bogatepe village, can be given as examples of both cultural tourism and rural tourism.
The people living in almost all of the central villages and district villages of Kars Province migrate to the plateaus in spring and return to their villages in autumn. The interest in these areas
that are intertwined with nature is especially longing for middle-aged people who migrate from
the city and become the center of attention in the summer months.
During certain months of the year, when there is no fishing ban, trout, broadcast, yellowfish,
blackfish, murzi, silokka, plane, gray mullet, wood fish are caught from the rivers, streams and
lakes in the region.
Kars is one of the richest cities in terms of flora. There are about 1800 species of wild plants that
grow naturally. About 1000 of them are endemic. Scotch pine grows naturally in Sarıkamış.
International sailing races held in Çıldır Lake have been the center of attention of people and
clubs have been opened to participate in water sports.
Sarıkamış district of Kars is the second place in the world where crystal snow falls. The falling
snow and ski track are the center of attention of local and foreign tourists, and contribute greatly
to the economy of the city and the district.
The local cuisine; It creates foods and meals based on flour, legumes and animal products. Making cheese from dairy products based on animal husbandry constitutes an important source of income for the local people and has an important place in the public economy in beekeeping. Kars
Goose, which is the only race in the A + class in terms of meat quality in Turkey. Kars cheddar
differs from other cheddars in that it consists of thirty-two different ingredients. Gruyère, a
cheese originating from Switzerland, takes its name from the Swiss town of Gruyère. The production of cow's milk gruyere cheese is made from made in Kars in Turkey. The history of gruyere cheese started with the Russian invasion in the early 1900s and has come to the present day.
The tall apple grown in 1300 altitude lands in Kağızman is known as a delicious fruit with its
slow maturity as well as being endemic.
The southern shores of Lake Çıldır, which is 70 km away from Kars, are within the borders of
Kars province, and the west-north coasts are within the borders of Ardahan province. 2. freak of
Eastern Anatolia Region, which is a big lake is completely frozen Lake is the only lake in winter
in Turkey. Çıldır Lake and the recreation area around it becomes the center of attention of local
residents and local tourists also in summer months.
Kars, which was under the Russian administration between 1878-1918, bears deep traces from
Russia with its infrastructure and architecture. Another legacy of the "Russian period" in Kars is
the traces of thousands of Russian Malakans settled in the city. The Malakans immigrated to
their homeland Russia years ago. The Malakans guided the people of Kars in many issues such
as cheese making, beekeeping, garden agriculture and milling, and brought the firsts with them.
They are the ones who introduced the people of this region to potatoes, sunflowers and cabbage.
The mills they built served not only them but also all other villages in the region over the years.
The mausoleum of Hasan-ı Harakani, considered the greatest spiritual owner of Kars and Eastern Anatolia, was built by Serdar Lala Mustafa Pasha. Its garden, along with other tombs, is the
most valuable cemetery in Kars' mosque courtyard. Accordingly, the mosque is named as Evliya
Mosque. Located in Kars Castle, XII. The tomb of Celal Baba, who was thought to be martyred
during the Kipchak-Georgian invasion in the 21st century and considered the spiritual owner of
the castle, strengthens the spirituality of Kars Castle.
At the end of the 1877-1878 Ottoman-Russian War, Kars remained under Russian occupation
for 40 years. The Russians started a new development work in the city from 1878 to 1918. Especially in 1706, they applied an architectural understanding applied to Kars in the north of Russia
on the Baltic Sea side. Baltic architectural examples in the city center and its districts attract the
attention of tourists coming to the city and make historical artifact tourism attractive. It is known
as Kars Castle, Central Castle, Inner Castle, which contributes greatly to historical monument
tourism. It is known as Kars Castle, Central Castle, Inner Castle, which contributes greatly to
historical monument tourism. forming tissues and the importance of the history of the city of
Kars in Turkey, 42 km from the great centers of Kars, Ani ruins on the Turkey-Armenia border,
entered into the UNESCO World Cultural Heritage List in July, 2016.
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Demographic features
Gender distribution
Marital status

Age distribution

Education levels

Social status and profession groups distribution

Income status
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TABLE 2
Demographic characteristics of the participants
Variables
Male
Woman
The married
Single
18- 30
31-50
51 years and older
High school
Associate Degree
Undergraduate
Graduate
Private sector
Person
Public
Other * (self-employment, housewife, worker unemployed)
0-1500 TL
1501- 2000 TL
2001 -2500 TL
2501 – 3000 TL
3001 TL and above

N
60
56
75
41
52
58
6
11
37
56
12
33
24
32
27

Percent (%)
52
48
65
35
45
50
5
9
32
48
11
28
21
28
23

8
9
16
61
22

7
8
14
53
18

period, the Russians built works in Kars using Baltic
Architecture (46, 44]. Most of the participants
certainly agree that the naturally grown Pinus
sylvestris (scotch pine) forests in Sarıkamış district
are very important for fauna and flora life, and there
are very significant differences (P <0.01) between
the levels of participation. As a matter of fact, [47]
stated that the Scotch pine (Pinus sylvestris L.)
forests in Sarıkamış have a strong resource value for
the region and should be protected as it is one of the
rare areas in the world and as an important winter
tourism area in 1990 They stated that it was
announced. Most of the participants acknowledge
that the registered Kağızman Diamond contributes
as a cultural heritage and there are significant
differences (P <0.05) between the levels of
participation. As a matter of fact, [13] stated that
Kağızman fruits are among the marketable
gastronomic products specific to Kars. [9] stated that
because the average temperature of the Kağızman
district and its surroundings is higher than the city in
general, fruit production is carried out, fruit growing
areas are irrigated by the Aras River and its branches,
apples have an important place among the fruits, and
Kagızman attracts daily visitors from the
surrounding settlements. The majority of the
participants definitely agree that the natural waterfall
and recreation area called Susuz Waterfall is an ideal
place for people's recreational activities and there are
significant differences (P <0.01) between the levels
of participation. According to [7], the waterfall,
which can be easily accessed throughout the year, is
a natural resource with the highest water drop in
Kars province. Susuz Waterfall, which has a high

32% associate degree, 48% undergraduate and 11%
graduate level. 28% of the respondents belong to the
private sector, 21% to the private sector, 28% to the
public, 23% to the other (self-employed, worker,
housewife, unemployed) occupational group. When
the income of the participants is examined, 7% of
them are 0-1500 TL, 8% are 1501-2500 TL, 14% are
2501-3000 TL, 53% are 2501-3000 TL and 18% are
3001 TL and has higher income level (Table 2).
As seen in Table 3, the majority of the participants definitely agree that the natural and cultural
values of Kars province positively affect tourism and
there are very important differences (P <0.01) between the levels of participation. As [42] stated, tourism can use natural and cultural attractions. Since the
majority of the participants are located between
Erzurum, Iğdır and Ardahan provinces of Kars
province, they definitely agree that these provinces
are kneaded with their culture and there are very
important differences (P <0.01) between the levels
of participation. Georgia, Armenia and Azerbaijan
agree that Kars has an important position in terms of
tourism in terms of being close to the countries of
Azerbaijan and there are significant differences (P
<0.05) between the participation levels. It definitely
agrees that the structures of Baltic Architecture in
Kars are the center of attention of local and foreign
tourists and there are very important differences (P
<0.01) between the levels of participation. As [43,
44] stated, the traces of these civilizations can be
seen in Kars, which has hosted many civilizations.
Especially between 1877 and 1917, traces of Russian
architecture remained in the province, which was
under Russian protection [45, 44]. During this
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I am indecisive

I disagree

Average
3.73

N

%

%

%

%

%

Standard deviation

Importance level

I absolutely disagree

I agree

Strengths
Natural and cultural resource
values of Kars affect tourism
positively.
Kars, which is located at the intersection point of Erzurum,
Igdır and Ardahan provinces, is
an important advantage in terms
of cultural richness.
The city's proximity to Georgia,
Armenia and Azerbaijan is an
advantage in terms of tourism.
The fact that it was under Russian occupation for 40 years after the Turkish-Ottoman war
between 1877-1878 is an advantage in creating the historical texture of the city.
It is an advantage that the buildings belonging to Baltic Architecture in the center of Kars and
its districts attract the attention
of local and foreign tourists.
Hasan Harakani and Celal Baba
Tomb in Kars is an advantage
for faith tourism.
The museums in the province
are an advantage for museum
tourism.
Crystal snow falling in
Sarıkamış district and ski track
is an advantage for winter tourism.
Scotch pine (Pinus sylvestris)
forests, which grow naturally in
Sarıkamış district, are a very
important advantage for fauna
and flora life.
Various vegetables and fruits
grown in Kagızman District are
advantageous for organic agriculture and agro tourism.
It is an advantage that the registered Kağızman apple is a cultural heritage.

I absolutely agree

Internal Analysis

Number of participants

TABLE 3
SWOT Analysis Evaluation of the Participants Regarding the Tourism Potential of
Kars Province, (Strengths)

116

39

36

14

8

3

116

46

34

10

6

4

3.12

0.242

0.002**

116

32

47

13

5

3

3.03

0.212

0.020*

116

41

37

10

5

7

2.57

0.292

0.158

116

36

27

21

10

6

2.66

0.222

0.001**

116

35

37

11

14

3

2.67

0.118

0.812

116

35

29

13

15

8

3.25

0.228

0.931

116

40

39

12

4

5

2.71

0.193

0.050

116

33

32

20

5

9

3.14

0.214

0.000**

116

45

34

10

7

4

2.31

0.133

0.052

116

40

29

15

11

3

3.02

0.244

0.012*
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The natural waterfall and promenade area known as Susuz Waterfall in Susuz district is an
ideal place for recreational activities of the people and is an
advantage for the district and
city center.
Cıldır Lake is an advantage for
lake tourism.
In summer and spring, Cıldır
Lake and its surrounding is an
advantage for the recreational
landscape.
Cıldır Lake is an advantage for
water sports.
Cıldır Lake is the only lake ice
holding in Turkey, the locals
during the winter months is an
advantage to be a center of attraction for foreign tourists.
The Cheese Museum, where
women in Boğatepe Village exhibit their products, is an important advantage for women's
employment and rural tourism.
The registered foods of Kars
province are an advantage for
gastronomy tourism.
Kars Sarıkamıs Martyrdom is
an advantage for grief tourism
and culture tourism.
The cultural traces and works
left by the Russian origin community called Malakan, who
migrated from Russia to Kars in
1878, are an advantage for cultural tourism.

Fresenius Environmental Bulletin

116

43

29

10

7

11

3.74

0.252

0.003**

116

32

34

21

12

1

3.00

0.205

0.166

116

38

31

13

11

7

2.99

0.201

0.004**

116

43

26

17

8

6

3.05

0.274

0.009**

116

32

41

13

11

3

2.77

0.274

0.002**

116

51

32

5

8

4

3.16

0.248

0.005**

116

35

46

5

12

2

1.78

0.146

0.583

116

43

36

11

6

4

2.19

0.229

0.035*

116

45

33

14

13

5

2.78

0.158

0.512

** Very Important (P <0.01); * Important (P <0.05)

exhibited by women in Boğatepe Village provides
advantages for women's employment and rural
tourism, and there are significant differences (P
<0.01) between the levels of participation. As stated
by [10], the diversity of vegetation in Kars creates an
environment for transhumance activities and enables
livestock activities. Kars Kashar Cheese and
Gravyer Cheese are among the important nutritional
inputs of livestock activities and attract the attention
of tourists coming to the city. [14] stated in his
research that 62 of the local tourists who went to
Kars visited the cheese museum. The majority of the
participants firmly acknowledge that the Kars
Sarıkamış Martyrdom is an advantage for grief and
historical tourism, and there are significant
differences between the levels of participation (P
<0.05). As seen in Table 4, the majority of the
participants definitely agree that the tourism
awareness is not fully established in the region where
Kars is located and there are very significant

potential for natural tourism, has not been brought to
tourism yet. However, in the district of Susuz, where
the waterfall is located, there are not many areas that
can generate tourism income and promote the
region. The majority of the participants definitely
accept the idea that Cıldır Lake and its surroundings
have an advantage in terms of the recreational
landscape in summer and spring, and there are
significant differences (P <0.01) in the levels of
participation. As a matter of fact, [12] stated that
although Cıldır Lake has a very high potential in
their studies to determine the current tourism
potential, the lack of investments in the area stands
out. Wild Lake's winter ice retention, making
walking on the ice, ride the sleigh, like fishing,
breaking the ice on the activities that can be seen is
minimal and can be done in Turkey shows that it has
become the focus of attention in recent years this
area. The majority of the participants definitely
agree that the Cheese Museum produced and
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[49] emphasized that the attitude and behavior of
local people towards tourists is also important for the
future of the region.

differences (P <0.01) between the levels of
participation. As a matter of fact, [48] emphasized
that instilling a correct awareness of tourism to the
public has a great role in the development of tourism.

I am indecisive

I disagree

Average

Standard deviation

Importance level

I absolutely disagree

I agree

Weaknesses
In general, as in many other
places, it is a disadvantage that
the tourism awareness in the region where Kars is located is not
fully established.
It is a disadvantage that the natural and cultural values in provinces and districts are not well
known other than the local people.
It is a disadvantage that the dam
built in Çamçavuş village disrupts the balance of the natural
environment and negatively affects the living flora of people
living in rural areas.
The weak industrial and factory
area in the region increases unemployment and causes migration is a disadvantage.
The lack of public transportation
and tours to the districts is a disadvantage for incoming tourists.
The low asphalt quality of the
roads in Kars Center reduces the
demand for tourism as it makes
transportation difficult. This situation is a disadvantage.
The shortage of accommodation
places in Kars Center and Districts reduces the tourism potential and is a disadvantage.
Lack of trained personnel who
can work in food and beverage,
transportation and sectors is a
disadvantage that negatively affects tourism.
Insufficient transportation from
outside the city to Kars Province
is a disadvantage.

I absolutely agree

Internal Analysis

Number of participants

TABLE 4
SWOT Analysis Evaluation of the Participants Regarding the Tourism Potential of
Kars Province, (Weaknesses)

N

%

%

%

%

%

116

35

24

18

11

12

3.77

0.183

0.000**

116

41

35

12

8

4

3.41

0.184

0.003**

116

37

28

9

9

17

2.87

0.235

0.156

116

38

31

17

8

6

2.89

0.216

0.025*

116

32

47

9

5

7

2.26

0.164

0.004**

116

40

37

5

16

2

2.34

0.133

0.010*

116

35

39

8

9

9

3.05

0.165

0.040*

116

32

44

15

10

5

3.24

0.208

0.002**

116

39

41

11

6

3

2.81

0.116

0.815

** Very Important (P <0.01); * Important (P <0.05)
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public has a great role in the development of tourism.
[49] emphasized that the attitude and behavior of
local people towards tourists is also important for the
future of the region. It is seen that the majority of the
participants definitely agree with the idea that
natural and cultural values are not well known in
Kars except the local people and there are significant
differences (P <0.01) between the levels of
participation. It is seen that the majority of the
participants definitely agree with the idea of the
insufficiency of public transportation and tours from
Kars to the districts and there are very important
differences (P <0.01) between the levels of
participation. Tours play an important role in the
development of tourism. As stated by [50] and [51],
package tours have come to the fore as the demand
for mass tourism has increased today and tour
operators have taken their place in the tourism
sector. The majority of the participants agree that the
lack of accommodation facilities in the center and
districts of Kars is a disadvantage of reducing the
tourism potential and there are significant
differences between the levels of participation (P
<0.05).
Most of the participants, on the other hand, admit
that it is a disadvantage that the lack of trained personnel who can work in the sectors of food and beverage, transportation and tourism negatively affects
tourism and there are very important differences (P
<0.01) between the levels of participation. As [53]
points out, even if a Tourism sector is modern and of
high quality, if its employees from the highest level
to the lowest level do not have sufficient level of education, the sector cannot develop and work efficiently. Most of the participants certainly agree with
the idea that increased migration with increasing unemployment due to lack of industry will be a disadvantage for tourism, and there appears to be significant differences (P <0.05) between levels of participation. As [10] stated, in Kars, where the industry is
not developed and the economy is generally based
on agriculture and animal husbandry, people are getting desperate day by day and migrate to the west.
For this reason, the tourism sector can be brought to
the fore in order to prevent immigration from Kars.
Most of the participants definitely accept the idea
that the difficulty of transportation will be a disadvantage for tourism due to the low asphalt quality of
the roads in Kars Center, and there are significant
differences (P <0.05) between the levels of participation. As seen in Table 5, most of the participants
definitely acknowledge that the change in tourism
understanding of domestic and foreign tourists and
the increasing importance of winter tourism in recent
years are an opportunity for Kars and there are very
important differences (P <0.01) between the participation levels.

It is seen that the majority of the participants
definitely agree with the idea that natural and
cultural values are not well known in Kars except the
local people and there are significant differences (P
<0.01) between the levels of participation. It is seen
that the majority of the participants definitely agree
with the idea of the insufficiency of public
transportation and tours from Kars to the districts
and there are very important differences (P <0.01)
between the levels of participation. Tours play an
important role in the development of tourism. As
stated by [50] and [51], package tours have come to
the fore as the demand for mass tourism has
increased today and tour operators have taken their
place in the tourism sector. The majority of the
participants agree that the lack of accommodation
facilities in the center and districts of Kars is a
disadvantage of reducing the tourism potential and
there are significant differences between the levels
of participation (P <0.05). As a matter of fact, [52]
emphasized that accommodation establishments are
very important for the tourism sector, that they
constitute the basis of the sector, and that the effect
of high service quality of accommodation facilities
is high in order for tourists to leave satisfied and
contribute to the region's economy. Most of the
participants, on the other hand, admit that it is a
disadvantage that the lack of trained personnel who
can work in the sectors of food and beverage,
transportation and tourism negatively affects tourism
and there are very important differences (P <0.01)
between the levels of participation. As [53] points
out, even if a Tirizm sector is modern and of high
quality, if its employees from the highest level to the
lowest level do not have sufficient level of
education, the sector cannot develop and work
efficiently. Most of the participants certainly agree
with the idea that increased migration with
increasing unemployment due to lack of industry
will be a disadvantage for tourism, and there appears
to be significant differences (P <0.05) between
levels of participation. As [10] stated, in Kars, where
the industry is not developed and the economy is
generally based on agriculture and animal
husbandry, people are getting desperate day by day
and migrate to the west. For this reason, the tourism
sector can be brought to the fore in order to prevent
immigration from Kars. Most of the participants
definitely accept the idea that the difficulty of
transportation will be a disadvantage for tourism due
to the low asphalt quality of the roads in Kars Center,
and there are significant differences (P <0.05)
between the levels of participation. It is seen that the
majority of the participants definitely agree that the
tourism awareness is not fully established in the
region where Kars is located and there are very
significant differences (P <0.01) between the levels
of participation. As a matter of fact, [48] emphasized
that instilling a correct awareness of tourism to the
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%

%

%

%

116

39

31

13

9

8

116

16

29

24

13

18

116

35

37

15

8

5

116

37

42

11

3

7

116

29

47

16

5

3

Importance level

%

Standard deviation

I disagree

N

Average

I am indecisive

I absolutely disagree

I agree

Opportunities
Changing the tourism understanding of local and foreign
tourists in recent years and the increasing importance of winter
tourism are an opportunity for
Kars province.
Increasing interest in the Eastern
Express train is a very important
opportunity for Kars.
The projects prepared by universities, governorship, cultural directorate and development agencies are opportunities for the natural and cultural values of Kars
province and its districts.
Winter tourism and gastronomy
tourism are an opportunity for the
development of trade.
Festivals and commemoration
programs held regularly every
year are an opportunity for the
world to get to know Kars.

I absolutely agree

External Analysis

Number of participants

TABLE 5
SWOT Analysis Evaluation of the Participants Regarding the Tourism Potential of
Kars Province, (Opportunities)

2.49

0.248

0.001**

0.186

0.648

0.196

0.015*

0.191

0.000**

0.199

0.908

2.52

2.88

2.71

2.81

** Very Important (P <0.01); * Important (P <0.05)
acknowledge that the flooding of villages and other
settlements with the construction of dams will
destroy a culture and thus pose a threat to culture
tourism, and there are very significant differences (P
<0.01) between the levels of participation.

The existence of Sarıkamış Ski Facilities is an
important opportunity for winter tourism in Kars
city. As a matter of fact, [54] and [3] stated that
Sarıkamış Ski Center has very suitable qualities for
alpine discipline, northern discipline, tour skiing and
should be evaluated in terms of winter tourism. [3]
argued that Sarıkamış is a potential winter tourism
center considering its climate and geographical
features. Most of the participants also acknowledge
that winter tourism and catering tourism are an
opportunity for the development of trade and the
difference between the levels of participation is very
significant (P <0.01). Most of the participants accept
that the projects prepared by universities,
governorship, cultural directorate, development
agencies for the natural and cultural values of Kars
that are noticed late are an opportunity and there are
significant differences (P <0.05) between the levels
of participation. As seen in Table 6, majority of the
participants acknowledge that destruction of natural
vegetation as a result of dam, viaduct and train line
construction threatens flora tourism and there are
significant differences (P <0.01) between
participation levels. Again, most of the participants

CONCLUSIONS
The main components of our country's tourism
potential are its natural, cultural and historical
values. As long as these values are preserved in the
long term, our share in the international tourism
market will continue to grow rapidly. For this, land
use and infrastructure decisions, especially in
tourism regions, should be made correctly by both
local and central administrations. Over-capacity
constraints in infrastructures will bring the danger of
destruction of natural values. While making these
decisions, it should be understood that the most
important task of tourism is to protect natural,
cultural and historical values.
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I disagree

I absolutely
disagree

Average

%

%

%

%

%

Standard deviation

33

9

29

11

2.86

0.215

0.376

26

15

28

8

2.83

0.189

0.876

48

10

15

3

3.84

0.246

0.001**

34

14

9

10

2.49

0.226

0.009**

The moisture balance of the region
will change with the construction
of the dam. Accordingly, over time,
116
18
climatic features, vegetation cover
and species will disappear in the
longer term. This is a threat.
It is a threat that the removal of the
living spaces of the local people
living in the area where the dam
116
23
was built forces the people to migrate.
The destruction of natural vegetation due to the damage to nature in
the construction of dams, viaducts
116
24
and train lines is a threat to flora
tourism.
The flooding of villages and other
settlements with the construction of
the dam means the destruction of a
116
33
culture. The loss of culture is a
threat to cultural tourism.
** Very Important (P <0.01); * Important (P <0.05)

Importance level

I am indecisive

N

I agree

Threats

I absolutely
agree

External Analysis

Number of
participants

TABLE 6
SWOT Analysis Assessment of the Participants Regarding the Tourism Potential of
Kars Province, (Threats)

organizations, local governments, national and
international organizations, academicians), which is
the most important element of tourism activity,
should be adopted. Tourism strategies with an
ecological approach that extend tourism to 12
months should be developed, tourism resources
should be used effectively with a sustainable
planning approach.

As a result of the SWOT Analysis made for the
tourism potential of Kars province;
1- It is thought that the development of
tourism activities in the city will enable the
development of the correct use of resources by
positively affecting the natural structure and cultural
resources of the city.
2- Hotels, social facilities, cafes, restaurants
etc. areas to meet tourism activities in the Kars City
need further development and support. In addition,
the historical and cultural resource values in the city
are not sufficiently introduced.
3- Tourism awareness should be provided to
local people and people who will take part in the
tourism sector. It should organize training seminars
and develop services aimed at improving tourism.
4- The fact that overshadowed by the
metropolitan cities in the east of Kars and cannot
develop sufficiently is a problem in terms of tourism.
In this sense, infrastructure and services that will
support the development of the tourism sector should
be developed depending on the resource values in the
city.
Tourism can be used as an important tool to
raise awareness about the protection of historical,
ecological and cultural structures in the province of
Kars and its immediate surroundings. For this
purpose, participatory approach (non-governmental
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waste storage facility, 1.5 m of pollution zone, the
natural permeability of natural clay was investigated.
Water-soluble pollutants such as chlorite, sodium
and dissolved organic carbon have been transported
up to 1m in the soil, compared to zinc, iron, lead and
manganese only up to 15 cm. The reduction of the
permeability coefficient in the interface is directly
related to the increase in total heavy metal concentration in the contamination concentrations of soluble pollutants and the increase in the void in the
floor. The changes in k (permeability coefficient) are
quite small. These results were obtained for the
wastes used in the experiments and the undisturbed
clay soil sample ground in this landfill. As a result of
contamination, hydraulic permeability was not significantly changed [10]. In his study of Davis (1969),
the permeability of the marine clay ranges from 107 to 10-10 cm/s [11]. In the study of William and
Asce, the effect of certain solvents on the hydraulic
conductivity of marine clay was investigated. There
was a downward and upward motion in the hydraulic
conductivity and permeability values. Besides, the
values have not increased or decreased too much and
have never reached the natural equilibrium value
[12]. In his study of Janardanan and his colleagues
used organic and inorganic permeants and magnesium montmorillonite and kaolin clay as clay soil.
Due to clay-permeant chemical reactions, the increase in clay soil permeability was measured to be
two to three times the original permeability, as opposed to the 100 to 1000-fold increases reported by
others [13]. In experiments with illite and natural
clay soils, the amount of some metal ions (Pb, Zn,
Cu, and Cd) retained on the ground de-creases the
adsorption of heavy metal on the ground as the
amount of acid input increases. Zn and Cd amount
kept on the ground are less than the amount of Pb
and Cu kept [14-16]. The hydraulic conductivity of
natural clay samples with high plasticity has increased considerably after freezing and drying. The
reason for the high increase is due to materials with
low plasticity.
They observed small decrease in the hydraulic
conductivity of the clay soil when they fed the natural clay sample with water. This is due to the expanding properties of natural clay, causing the natural

ABSTRACT
In this study, the permeability and treatment of
the clay soil sample were examined experimen-tally
by passing the leachate through the reactors by
adding different nanomaterials (iron oxide,
aluminum oxide) with varying amounts to the clay
soil sample. For this reason, the wastewater sample
collected from Kemerburgaz - Odayeri Regular
Storage Area in Istanbul, European side and the clay
soil (kaolin) from the company, Esan Eczacıbaşı
Industrial Raw Materials Ind. and Trading Inc. was
used. Since kaolin was clay soil and pulverized, it
was taken from the company and no treatment was
applied. At the end of this study, it was found that
the nanomaterial which most decreased the
permeability and highest removal rate of the clay soil
was aluminum oxide.

KEYWORDS:
Permeability, nanomaterials, kaolin, compacted clay,
leachate

INTRODUCTION
In his study, it was stated that organic liquid
wastes from chemical wastes caused significant effects on the permeability of compacted clay [1-5].
Brown and Anderson, Green et al. in their work in
the organic chemicals in the permeability of compacted clay soil can lead to large increases indicate.
However, in the article, the limit values of chemicals
that cause a significant increase are not defined [6,7].
The permeability significantly depends on the grain
size distribution of the soil. The necessary element
in the design of the compacted soil layers is the relation between soil composition and compaction behavior [8]. Kingsley and Asce observed that the main
criterion used to determine the suitability of hazardous waste areas for hazardous waste storage is permeability. They have determined that a fixed permeability coefficient can be obtained for many hazardous waste storage areas with many regulatory agents
improving the properties of the soil [9]. In a study
conducted by Quigley and Fernandez, 15-year solid
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(COD), total kjeldahl nitrogen (TKN), total phosphorous (TP)) were measured in the continuous system.
In the third stage, scanning electron microscope
(SEM) analyses and X-ray powder diffraction
(XRD) analyses have been performed on the clean
and contaminated soil sam-ples. [2].

clay soil to swell [17]. In a study by Foged and Bauman, they observed that hydraulic conductivity is
highly related to the stress level. 5-4800 kPa ranged
from k=10-10 to 2x10-12 cm/s under vertical stress
and found that they were highly related to stress and
reduced effective porosity. Researchers have concluded that natural clay material can be used as raw
material to form membranes [18]. Composite fillings
have been shown to have a very good sealing capacity against concentrated organic pollutants [19]. Kaolin is said to be a good adsorbent for some metal
ions (Mn (II), Co (II), Ni (II) and Cu (II)) [20]. In
their study of Islam and Singhal, the increase in the
concentration of acetic ac-id at the inlet causes an increase in dissolved inorganic carbon, pH of the solution and biomass in the colon. This causes the precipitation of Fe (II) sulfide, Mn (II) and Ca (II) carbonate. These changes caused the soil permeability
to decrease from 8.8x10-3 to 3.6x10-5 cm/s. [21]. In
the study of Ozcoban and others, the effect of leachate on the per-meability of compressed clay was investigated. The permeability of the clean clay soil
used in the study was determined as k=1x10-8 cm/s
and the density was determined as 1950 kg/m3. In
this study where leachate was used as a permeant,
the permeability of dirty clay soil was determined as
k = 8.62x10-8 cm/s and k=6.82x10-8 cm/s. It has been
found that the treatment capacity of the compacted
clay soil is quite high [22-24]. In this study by Francisca and Glatstein, the hydraulic conductivity of the
ground is reduced sharply if the leaked liquid contains microorganisms [25]. By adding lime as kaoline ad-ditive material, soil properties have improved
and reduced permeability value [26]. Ngand Coo in
these studies of 2% of γAl2O3 and nano-CuO, the hydraulic conductivity of clay decreased by 30% and
45%, respectively [27].
In this study clay soil specimens, Standard
Proctor Compaction tests were applied to the clay
soil taken from the clay (kaolin) from the company,
Esan Eczacıbaşı Industrial Raw Materials Ind. and
Trading Inc. was used. Since kaolin was soil and pulverized, it was taken from the company and no treatment was applied.
The permeability of the soil sample was examined experimentally by passing the leachate through
the reactors by adding different nanomaterials (iron
oxide, aluminum oxide) with varying amounts to the
clay sample. For this reason, the wastewater (leachate) sample collected from Kemerburgaz - Odayeri
Regular Storage Area in Istanbul, European side.
The aim of this paper has been carried out in the
third stages:
In the first stage, clay soil has been compacted
with Standard Proctor Compaction Test and the permeability of the leachate has been investigated.
In the second stage, In order to determine the
treatment capacity of clay soil with dif-ferent and
varying amounts of nanomaterials, some physical
and chemical parameters (chemical oxygen demand

MATERIALS AND METHODS
Experimental setup. Constant-head permeameters experimental methods were used in this
study [28, 29]. Reactors which were made of plexiglass materials (Figure 1) were prepared and filled
with clay soil. In order to prevent the swell (expansion) of the clay in the apparatus, pieces of gravel
were placed upon it. Meanwhile, a perforated plexiglass filter has been placed on and under the soil
sample together with the filter papers. The mold reactor tests were performed by flowing the liquid
down through the 100 mm diameter and 110 mm
height of the clay soil specimens. Clay soil specimens were saturated under 0.3 bar pressure. Experimental setup figure was given in Figure 1.

FIGURE 1
Experimental setup.
Permeability Tests. Constant – head tests have
been performed to find the permeability of the clay
soil which is calculated using the following equation:
݇ ൌ ܳܮȀሺݐܣǤ ݄ሻ
(1)
where k is the permeability coefficient (cm/s),
A is the surface area of the specimen (cm2), L is the
distance between the manometers (cm), Q is the total
discharge (cm3/s), and t is the elapsed time (s), h is
head constant or hydraulic head [28, 29].
Standard Proctor Compaction Test. Compaction test of soil is also known as Proctor’s test is
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done to understand compaction characteristics of different soils with a change in moisture content. Standard Proctor Compaction Testing can be performed in
the laboratory. The experiment of compaction is
done using clay soil from Kömürcüoda taken in large
pieces with the method ASTM D 698/ AASHTO
T99 [30]. Samples were prepared at optimum water
content (30%) by adding 2% and 4% nanomaterials
separately into 1500 gr kaolin.

TABLE 2
Compaction study results
Kaolin (ESANPLAST)
Sample Place
944 cm3
Volume of container
10.4 cm
Diameter
11.11 cm
Height
3
Number of layers
2.5
Weight of hammer
30.5
Height of drop
25 strikes for every
Number of strike
layer

"

)#

SEM and XRD Analyses. Surface analyses of
the clean and dirty soil samples were done with SEM
(FEI Quanta 250 FEG analog EDS). Mineral content
and variability of the clean and contaminated clay
samples The Rigaku D / Max-2200 / PC XRD Device was analyzed by a device with a power capacity
of 200 Vac 3q 20 A / 50 Hz.
Properties of the Leachate Used In This
Study. The results of the characterization studies
conducted on the leachate from the KemerburgazOdayeri Landfill Area are presented in (Table 1).

8.6
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FIGURE 2
Moisture content and dry density relation.
Permeability Results Obtained by Leachate.
First Step Test Results: In the study using six reactors, the ground was compressed by standard compaction. It was fed directly from the top of the reactors with a pressure of0.3 bar. Leakage water is supplied from the standard compaction reactors. Due to
the fact that the sample is fed directly to the leachate
water, the first outlet of the water started three
months after the sample was given to the reactors.
The permeability values were determined by collecting in the water scale units. The permeability test results obtained from reactors with ground samples of
kaolin and nanomaterial are given in (Figure 3 and
6) below.
When the results obtained in (Figure 3) are
evaluated, the average k values in the reactor with
kaolin were found to be 2,35E-08 cm/s. In the other
reactor containing kaolin + 2% iron oxide, the mean
k values were found to be 3.75E-09 cm/s and in the
last reactor with kaolin + 4% iron oxide was found
as 2.55E-09 cm/s.

Compaction Test Results. Laboratory compaction, which experimentally determines the variability of dry unit weight with water content, indicating the degree of packing obtained by the application
of specified compaction energy, was conducted for
the soil to be used in filling. There are two types of
widely used compaction (i.e., Proctor) tests: standard
and modified. A relationship between the water content of the soil and compacted dry density was determined experimentally and the results were shown in
(Table 2 and Figure 2).
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Properties of Materials Used in the
Experiment. Properties of Kaolin. The kaolin clay
used in the study consists of mineralogical kaolin, illit and quartz. In chemical analysis, 10% of kaolin
(Lol) consists of 58% SiO2, 27% Al2O3, 1.5% Fe2O3
and 4% other elements (TiO2, CaO, MgO, Na2O,
K2O, salt, SO4, carbon).
Nanomaterials. Nanomaterials of iron (II, III)
oxide nanopowder with 50-100 nm particle size from
Sigma-Aldrich company and aluminum oxide
nanopowder with 13 nm primary particle size were
used as nanomaterials.

Parameter/
Averages
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TABLE 1
Properties of the leachate
ConductivCOD
TKN-N
ity
(mg/L)
(mg/L)
(mS/cm)
37.9
5020
3360

8538

NH3-N
(mg/L)

TP
(mg/L)

SS
(mg/L)

2380

7.2
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FIGURE 3
Time - Permeability relationship.
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FIGURE 4
Time - Permeability relationship
As it can be seen from (Figure 5), the average
of k values in the reactor with kaolin was found to be
2,35E-08 cm s-1. In the reactors containing kaolin +
iron oxide, the mean k values were found to be
3.15E-09 cm s-1 and in the other reactors containing
kaolin + aluminum oxide, the mean k values were
1.46E-09 cm s-1. When aluminum oxide was added as
kaoline nanomaterial, it was determined that the permeability of the ground decreased slightly compared
to iron oxide.

(Figure 4) shows the results obtained from the
analysis of kaolin and kaolin + 2% aluminum oxide,
kaolin + 4% aluminum oxide reactors. The average
of k values in the reactor only kaolin was found to be
2.35E-08 cm/s. In the other reactor containing kaolin
+ 2% aluminum oxide, the mean k values were
1.50E-09 cm/s and in the last reactor with kaolin + 4%
aluminum oxide was found to be 1.431E-9 cm/s. The
average k value of both reactors with kaolin + 2%
and 4% aluminum oxide was found to be 1.46E-09
cm/s.
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FIGURE 5
Time - Permeability relationship

FIGURE 5
Nano Material - Permeability relationship
added to the clay sample and compaction was performed using standard methods. From the reactors
where the soil samples were placed, the water and
conductivity were continuously measured by passing
the leachate from the reactors. Treatment efficiency
was evaluated for COD, TKN, TP parameters. The
results are given below.

Change of permeability of clay by addition of
different amounts of nanomaterials whereas (Figure
6) shows the difference between the addition of iron
oxide and aluminum oxide.
Treatment Results Obtained by Leachate. A
different and varying amount of nanomaterial was
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FIGURE 7
Comparison of COD removal efficiencies
Results of COD Analysis. The initial COD
value of the leachate was 5020 mg / L. The first
passage of the leachate from the standard clay soil
lasted 30 days. As shown in (Figure 7), in the reactor
where kaolin was compressed by standard
compaction method on the thirtieth day, the COD
effluent value was 2890 mg L-1 and the removal
efficiency was 42%. On the ninetieth day of the
experiment, the COD effluent was 250 mg/L and the
removal efficiency was 95%. Kaolin, kaolin + 2%
iron oxide, kaolin + 4% iron oxide, kaolin + 2%
aluminum oxide, kaolin + 4% aluminum oxide in the
samples taken on the 90th day COD effluent value
of 250 mg/L, 125 mg/L, 105 mg/L, 75 mg/L, 68
mg/L and removal efficiencies were 95%, 97.5%,
98%, 98.5% and 98.6% respectively (Figure 7).
Adsorption was observed for 114 days. As it can be
seen from the figures, the removal efficiency of
COD was generally observed to decrease until the
90th day.
This change continued until the 90th day as
adsorption. Desorption started after 90 days. COD
removal efficiency is very high on compressed clay.
However, it is observed that COD removal is
increased with nanomaterials used at different rates.
The highest COD removal efficiency is
obtained with kaolin + 4% aluminum oxide with
98.6% removal efficiency (Figure 7).

of the leachate from the standard clay soil lasted 30
days.
As it can be seen from (Figure 8), on the 30th
day, in the reactor where kaolin was compressed by
standard compaction method, the effluent value was
1365 mg/L and the removal efficiency was obtained
as 59%. On the 90th day, TKN-N effluent value was
123 mg/L and the removal efficiency was obtained
as 96.3%.
Kaolin, Kaolin + 2% iron oxide, kaolin + 4%
iron oxide, kaolin + 2% aluminum oxide, kaolin +
4% aluminum oxide in the samples obtained on the
90th day TKN-N effluent value of 123 mg/L, 90
mg/L, 120 mg/L, 98 mg/L, 73 mg/L, and removal
yield 96.3%, 97.3%, 96.4%, 97% and 97.8% respectively (Figure 8). Adsorption was monitored for 114
days.
As it can be seen from the figure, it is observed
that the removal efficiency of TKN-N has generally
increased until the 90th day and it has started to
decrease in the days after 90 days.
This change can be explained as that there is
desorption until the 90th day afterwards there is
adsorption. TKN-N removal efficiency is very high
on compressed clay soil. However, it is observed that
the removal of TKN-N with nanomaterials used at
different rates increases. As it can be seen from
(Figure 8), the highest TKN-N removal efficiency is
obtained with kaolin + 4% aluminum oxide with a
removal efficiency of 97.8%.

TKN-N Analysis Results. The initial TKN-N
value of leachate was 3360 mg L-1. The first passage
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FIGURE 8
Comparison of TKN-N removal efficiencies

FIGURE 9
Comparison of TP removal efficiencies
TP Analysis Results. The initial TP value of
the leachate was measured as 7.2 mg/L. The first
passage of the leachate from the standard clay soil
lasted 30 days. As it can be seen from the (Figure 9),
on the 30th day, in the reactor where kaolin was
compressed by standard compaction method, the
output value was found to be 4.8 mg/L and the
removal efficiency was 33%.On the 90th day, TP
output was 0.68 mg/L and the removal efficiency
was 90.5%. Kaolin, Kaolin + 2% iron oxide, kaolin
+ 4% iron oxide, kaolin + 4% aluminum oxide in the
samples on the 90th day TP effluent value of 0.68
mg/L, 0.43 mg/L, 0.36 mg/L, respectively mg/L, 0.1
and removal efficiency were obtained as 90.5%,
94%, 95%, 97.2% and 98.6% (Figure 9). Adsorption
was monitored for 114 days. As it can be seen from
the figures, it was observed that the removal
efficiency of TP increased to 90 days and then it

started to decrease in the following days. This
change can be explained as desorption until the 90th
day after adsorption. TP removal efficiency is very
high on compacted clay soil. When the ratio of
nanomaterials increases, the removal rate of TP
increases. As it can be seen from (Figure 9), the
highest TP removal efficiency is obtained with
kaolin + 4% aluminum oxide with a value of 97.2%.
XRD and SEM Analysıs Results for Leachate. XRD Analysis Results. The general mineralogy
of clay was investigated using the XRD (X-Ray
Powder Crystal Device) on the B-horizon of different areas. XRD provides an initial investigation for
all samples. Results from XRD showed the same
peaks for six different samples. The results obtained
are shown in (Figure 10).
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FIGURE 10
XRD analysis results
clean water are more intense than the surface images
expressed by a-1, b-1, c-1, and d-1. It is seen that the
gaps in the surface of the compressed clay formed by
2% Aluminum oxide nanomaterials are larger than
clay and 2%, 4% iron oxide nanomaterials clay.
When the cross-sectional images are examined in all
contaminated clay samples, it is seen that the
samples taken from the lower part of the column in
the compressed clay samples are smaller than the
samples taken from the upper part of the column.
This results in more accumulation of contaminants
in the lower part of the column. When the results
obtained in this study are evaluated, it is also
possible to remove the impurities in the leachate as
well as change the permeability of the soil during the
passage of leachate from clay soil. Different
mechanisms are effective in the removal of clay.
These
mechanisms;
mechanical
filtration,
precipitation, adsorption, chemical reaction, and
biological activities.

Minerals in all samples are Q (quartz), K
(kaolin), M (muscovite) C (chlorite-serpentine) Mag
(calcite).
The dominant mineral is quartz followed by
kaolin in the bulk samples. The mineralogical
analysis by XRD showed that leachate pollution
caused some changes in the mineral composition of
the studied clays. (Figure 10) shows very similar
peak values between the five clays with differences
not exceeding 0.22 A °.
SEM Analysis Results. The clean and contaminated clay (kaolin) samples are given in (Figures 1112). The pictures are taken with the magnification of
10000-100000 times with a scanning electron microscope (SEM) are given in (Figures 11-12). From the
SEM images, clay (kaolin) appears to be of tetrahedral structure.
When the SEM photographs in (Figure 11 and
12) are examined, it is seen that the surfaces of clay
and nano clay samples that have been leached by

FIGURE 11
Clean clay SEM images
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e-1

e-2
e-3
FIGURE 12
SEM Images of Contaminated Clay (kaolin) with Leachate (10000x magnitude)
(a.Clay b.Clay+ %2 Iron oxide nanomaterial c.Clay+ % 4 Iron oxide nanomaterial d.Clay+ % 2 Aluminum oxide nanomaterial,
e.Clay+ % 4 Aluminum oxide nanomaterial,(1- Surface view, 2- Upper section sectional view 3- Bottom section section view))

this study, different nanomaterials were found to be
very close to each other. However, among these
nanomaterials, it was found that the nanomaterial
which decreased the permeability of the ground the
most and obtained the highest removal rate is
aluminum oxide. In addition, as the percentage of
nanomaterials added to the kaolin increased, the
permeation was decreased. SEM analysis results
supported these findings.

The volume and chemical composition of the
leachate depends on water leaking into the storage
area and chemical reactions between solid and liquid
phases, including dissolution, precipitation, ion
exchange, and biochemical processes [25]. In
general, it is known that the hydraulic conductivity
of the soil decreases as the fine particle content
increases [21].
The addition of nanomaterials into the kaolin
caused a reduction in permeability due to the filling
of the cavities between the pores of the kaolin. It is
seen that the results obtained in this study are
supported by the results obtained in the literature
[21,22, 27,31, 32]. In a study conducted in the
literature, when the leachate was used as a coagulant
and flocculation method and alum was used as a
coagulant, the COD removal efficiency was 80-82%,
when bentonite was used 84-86 and when the perlite
was used 90-92 were obtained. [33]. In another study
in which the leachate was treated by anaerobic
treatment method (UASB), COD removal efficiency
was found to be 85-90%. [34]. In this study, the
average removal efficiency for COD was found to be
97-98%. It is thought that not only the filtration
mechanism is effective in this removal efficiency,
but also many mechanisms including adsorption.
The results of the study are supported by the results
obtained in the literature [20, 23, 24, 35, 36,37,38,
39, 40,41].
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CONTRIBUTIONS OF OPEN SOURCE TOOLS FOR ROAD
DATA PRODUCTION IN DEEP LEARNING APPLICATIONS
Ozan Ozturk*, Batuhan Sariturk, Dursun Zafer Seker
ITU, Istanbul Technical University, Faculty of Civil Engineering, Department of Geomatics Engineering, 34469 Maslak - Istanbul / Turkey

response efforts. Additionally, roads contribute
important social benefits to society. This helps, get a
better sense of future requirements for infrastructure
and amenities. Roads are essential data in numerous
fields such as navigation, fleet management, emergency response, military operation, urban planning
and management, etc. [1]. For these reasons, the road
map data set should have a high spatial and temporal
resolution. It also should be updated.
However, it is a very difficult, erroneous and
time-consuming process for the user to digitize or
extract road data from aerial imagery. In earlier
studies, many methods such as Canny and Sobel
operators were used for this purpose, but serious
problems such as incorrect or inadequate detection
were encountered due to the complex structure of the
objects. In other words, complexity form, shadow,
object blockage, construction using different widths
and materials negatively affect the extraction of the
road [2].
In the past decade, there has been development
and progress in the use of deep learning research.
Deep learning has been the research topic of many
technology companies such as Google Brain,
Deepmind, NVIDIA, Facebook and Microsoft and
has been widely used in their applications.
Following this development of artificial intelligence,
which extends from machine learning to deep
learning, many studies have been carried out for the
classification extraction and segmentation of many
objects such as buildings, cars, roads and plant
species [3,4].
In these studies, Researchers used many datasets
from the data sets mentioned above to their own data
sets produced by them. While some studies have
shown superior achievements because of the
properties of these objects, others have relatively
lower accuracy. The main difference here is that
objects such as aeroplanes or buildings have a more
generalized and recognizable structure compared to
other objects. However, when the roads are
considered in particular, it becomes clear that such
objects should be examined in more detail. Roads
and similar linear details differ in each district and
city due to the parameters mentioned before.
There are several open source road data sets
produced to be used in deep learning studies. One of
the first road data set studies is the Massachusetts
Road Dataset, created by Volodymyr Mnih and

ABSTRACT
Due to the complex structure, design and type of
material of the roads, it is difficult to perform with
the models trained with the data of other countries in
deep learning studies based on road extraction.
Especially in Turkey, deep learning based existing
data sets for the modelling are not suitable due to
complex road structures. Thus, local data sets that
represent the features of the region must be used to
be able to achieve promising results. In this study, a
labelled road data set for Istanbul was created by
using high-resolution orthorectified aerial images
which cover a wide variety of urban and rural areas.
In this context, used imageries were obtained from
the Istanbul Great Municipality. In the study,
Mapbox and QGIS were employed as open source
tools. Apart from the road data were eliminated via
Mapbox and obtained global road data was overlaid
orthorectified images in QGIS. After this process
overlaid images were exported as tile files and
labelled data was produced combining these tile
files. The generated labelled data set was tested
using U-NET Deep learning-based convolutional
neural network architecture. As a result, 96 %
training accuracy and 89.6 % validation accuracy
have been achieved.

KEYWORDS:
Deep Learning, Image Labelling, Mapbox, Qgis, U-Net.

INTRODUCTION
Uncontrolled and unplanned urbanization with a
growing population causes many problems. Roads
have a crucial contribution to the development of the
countries. Updated and accurate road data sets are
needed for identifying and monitoring these
problems. Although road and similar linear data are
not considered very important, they play an
important role in providing many important services.
For example, accurate road data are required to solve
the traffic problems that are increasing significantly.
On the other hand, adding unpaved roads into the
databases using traditional methods is extremely
difficult which causes problems in emergency
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interface. In these processes, together with
determining the scale arrangements and boundary
line thicknesses, all kinds of land-use classes which
do not belong to the road layer such as tunnels were
removed. The rest of the data was transferred into
QGIS open source GIS software in Web Map
Services (WMTS) data format [8]. Orthorectified
and labelled RGB road maps were clipped with the
same size and same coordinate system to be
overlapped in the QGIS platform. Finally, the U-Net
model was trained to predict whether an image pixel
belongs to the road or not. Loss and validation
accuracy of the training step were calculated. The
flowchart of the applied methodology is given in
Figure 1.

distributed by the University of Toronto. The
Massachusetts Road dataset consists of roughly 500
square kilometres of training data, 48 square
kilometres of test data, and 8 kilometres of validation
data at a resolution of 1.2 meters. This dataset
contains both urban and suburban areas of
Massachusetts [2]. KITTI Vision Benchmark
Dataset is created in collaboration with Jannik
Fritsch and Tobias Kuehnl from Honda Research
Institute Europe GmbH. The road and lane
estimation benchmark consist of 289 training and
290 test images. This data set can be used for image
classification and object detection [5]. The
Cityscapes Dataset gives a semantic understanding
of urban street scenes. It is created by Daimler AG
and consist of flat (road, rail track, etc.), human
(person, rider), vehicle (car, truck, etc.), construction
(building, wall, etc.), object (pole, traffic sign),
nature (vegetation, terrain), sky, void (ground,
dynamic, etc.) [6]. SpaceNet is another dataset that
consists of commercial satellite imageries and
labelled training data. It can be used for
classification and object detection studies. SpaceNet
conducts challenges that focus on data collection and
processing for geospatial applications. The
SpaceNet team is currently running an internal
labelling campaign to produce high-quality road
centre lines in SpaceNet Round 2. The studied cities
in this round are Las Vegas, Paris, Shanghai and
Khartoum [7].
While a few deep learning studies have exhibited
good performance on sample images, such
techniques have not been shown to work efficiently
on datasets where the structure of the region is
different. When the recent studies are examined, it is
quite clear that the data sets used are produced from
regions with a regular structure with standards that
are very difficult to use in developing countries such
as Turkey. Compared to existing datasets, up-to-date
sources that are alternative and supplementary must
be used for local studies to increase the performance
of training of models.
In this study, orthorectified images which were
provided by Istanbul Great Municipality and mask
images generated using tiles obtained from Mapbox
data provider was used to create road labelling data
set for a small part of the Istanbul city. Each of the
subsets of the selected region has been formed to
include regular and irregular urbanization. Using the
Mapbox and QGIS WMTS servers, which are freely
accessible its dataset and server, road label dataset
was produced for deep learning applications.

FIGURE 1
Flowchart of the methodology.
Mapbox. Mapbox is a platform that responds
to problems related to user settings-specific data
manipulating, visualization, data transfer service
within the web standards, and spatial analysis. With
the provided free and open-source vector tiles, it is
possible to allow anyone to create their custom Open
Street Map (OSM) maps without having a deep
knowledge of vector tiles. In this study a workflow
to create vector tiles from OSM data has been
defined and publicly documented, allowing other
developers to adapt the workflow and use it for their
vector tiles. These tiles are compatible with Mapbox
products and therefore provide an easy integration
path for companies that want to use free data set [8].
With the Mapbox Studio style editor, the user can
[9];
• Create styles that change dynamically
based on zoom level,
• Use custom fonts,
• Set custom alignment, pitch, offset, and
more for users own labels,
• Set colors, weights, and opacity for map
layers,

METHODS
In the study Mapbox and QGIS were used as
the open source tools for the road data generation to
provide data required in deep learning applications.
The editing of the layers was realized on the Mapbox
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• Filter tile sets based on attributes.
The data style is a description of all the feature
classes such as land use, water or roads.
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The aspect of its economy, history and sociocultural aspect, Istanbul is one of the oldest cities in
the world and it is the most attractive city of Turkey.
Due to its economic opportunities gets a large
number of immigrants from other cities of Turkey as
well as neighbouring countries. Respond to the
requirements of the population, all kinds of updated
and accessible data are required for city planning.

U-Net. In this study, the performance of the UNet model for the training of road labels in Istanbul
city was analysed. Compared to the first published
segmentation models, there are fewer parameters to
be solved in the U-Net architecture, so processes are
performed in a shorter time. U-Net put forward
biomedical image segmentation studies, continued
to be successful in Remote Sensing studies such as
road and building segmentation. In the ISBI
challenge where different architectures were tested,
its outperformed architectures that had previously
achieved the best results. In addition, it continued its
success in ISBI 2015 and added the success of the
detection of Caries in Bitewing Radiography with
Computers Automatic Caries Detection. U-Net,
which started to form the basis of many new
architectures in the researches of deep learning
which a new architecture is published every day, has
formed the main structure of Generative Adversarial
Networks that one of the most superior models of
recent times [10]. The general structure of the U-Net
main architecture is shown in Figure 2.

RESULTS
Data export and registration. Map styles can
be loaded into the free and open-source desktop GIS
software program. QGIS supports the importing of
OGC-compliant web services such as WMS/WMTS,
WCS, and WFS. Firstly, generated WMTS on
Mapbox for the style were inserted into the QGIS.
Secondly, the WMTS endpoints were added to the
QGIS project. All geographic data was tied to the
same projection and coordinate system. If the initial
coordinate system and projection are known, the
data in another coordinate system and projections
must be converted by using QGIS. In this study,
Mapbox WMTS data were projected into the Turkish
National Reference Frame (EPSG:5254) to overlap
selected sections of the existing orthophotos. This
overlap operation is given in Figure 3.

FIGURE 2
U-Net workflow diagram [11].
FIGURE 3
Example of orthophoto and WMTS layer
registration.

In this figure, each blue box corresponds to a
multichannel feature map. The number of channels
is denoted on top of the box. The x-y-size is provided
at the lower-left edge of the box. White boxes
represent copied feature maps. The arrows indicate
the different operations. This architecture is based on
Long et al. 2015's Fully Convolutional Network. It
was modified to work with fewer training features.
U-Net's main differences compared to FCN are; UNet is symmetric, and it uses skip connections
between down sampling and up sampling paths [11].

Thresholding. Image binarization, also known
as thresholding, is the process of taking a grayscale
image and converting it to black-and-white, essentially reducing the information contained within the
image from 256 shades of grey to 2: black and white,
a binary image. Otsu thresholding method was used
to find a thresholding value [12]. Otsu’s algorithm
tries to find a threshold value (t) that minimizes the
weighted within-class variance given by the relation
equation 1.

STUDY AREA

ߪ௪ଶ ൌ ݍଵ ሺݐሻߪଵଶ ሺݐሻ  ݍଶ ሺݐሻߪଶଶ ሺݐሻ

Istanbul was selected as the study area. The city
forms part of the continental boundary between
Europe and Asia with an area covering 4584 km2.
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validation accuracy was achieved. Accuracy analysis
results are given in Figure 5.

Clipping/Subsetting. The training data consist
of 2500 subset satellite imageries in RGB format.
Each image has a size of 512 x 512 pixels with 50
centimetres pixel resolution. Each image in the
dataset contains overlaid mask images with the same
pixel size for the road label set. While orthorectified
images are given in RGB format for training, the
label datasets are organized in binary format. While
white pixels (1-pixel value) are represented as roads
in a binary image, black pixels (0-pixel value) are
non-road (see Fig. 4).

CONCLUSIONS
This study is preliminary research of the new road
data production for Turkey. In this study, a labelling
road data of a small part of Istanbul was produced
using Mapbox and QGIS as open source tools. It
resulted that the Mapbox has significant potential for
creating road data to be used in the training of deep
learning models. Though the total accuracy in this
study is most promising for the remote sensing
studies. For better results shadowing and improper
registration problems that cause false masking errors
should be eliminated. For this purpose, it would be
beneficial to perform roughly editing manually on
the tile data sets, instead of directly extracting the
features from the Mapbox.
In future studies, the enhancement of the overall
accuracy for the extraction of roads, as well as new
land-use features such as buildings will be
considered. Additionally, because of representing
local region characteristic features, the datasets
should be generated zone by zone.

FIGURE 4
Example of clipped orthophoto and labelled
image.
Training data. The used architecture in this
study is U-Net [10]. The architecture consists of 4
hidden layers including 2 3x3 convolutional layers
each followed by ReLU and 1 2x2 max-pooling
layer for contracting path and 4 hidden layers
including 1 2x2 transposed convolutional layer and
2 3x3 convolutional layers for the expansive path. To
get more accurate feature locations, skip connections
were used by concatenating the outputs of the
transposed convolutional layers with the features
from the contracting path.
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FEB – GUIDE FOR AUTHORS
General
FEB accepts original papers, review articles, short
communications, research abstracts from the entire
sphere
of
environmental-chemistry,-biology,microbiology,- technology, -biotechnology andmanagement, furthermore, about residue analysis/
and ecotoxicology of contaminants.
Acceptance or no acceptance of a contribution will
be decided, as in the case of other scientific journals,
by a board of reviewers. Papers are processed with
the understanding that they have not been published
before (except in form of an abstract or as a part of a
published lecture, review or thesis);that they are not
under consideration for publication elsewhere; that
their publication has been approved by all coauthors, if any, as well as- tacitly or explicitly- by the
responsible authorities at the institute where the
work has been carried out and that, if accepted, it will
not be published elsewhere in the same form, in
either the same or another language, without the
consent of the copyright holders.
Language
Papers must be written in English. Spelling may
either follow American (Webster) or British
(Oxford) usage but must be consistent. Authors who
are less familiar with the English language should
seek assistance from proficient colleagues in order to
produce manuscripts that are grammatically and
linguistically correct.
Size of manuscript
Review articles should not exceed 30 typewritten
pages. In addition up to 5 figures may be included.
Original papers must not exceed 14 typewritten
pages. In addition up to 5 figures may be included.
Short-Communications should be limited to 4
typewritten pages plus not more than 1 illustration.
Short descriptions of the authors, presentation of
their groups and their research activities (with photo)
should together not exceed I typewritten page. Short

research abstracts should report in a few brief
sentences (one-fourth to one page) particularly
significant findings. Short articles by relative
newcomers to the chemical innovation arena
highlight the key elements of their Master and PhDworks in about I page.
Book Reviews are normally written in-house, but
suggestions for books to review are welcome.
Preparation of manuscript
Dear authors,
FEB is available both as printed journal and as online
journal on the web. You can now e-mail your
manuscripts with an attached file. Save both time
and money. To avoid any problems handling your
text please follow the instructions given below:
When preparing your manuscripts have the formula
K/SS (Keep It Simple and Stupid) in mind. Most
word processing programs such as MS-Word offer a
lot of features. Some of them can do serious harm to
our layout. So please do not insert hyperlinks and/or
automatic cross-references, tables of contents,
references, footnotes, etc.
1. Please use the standard format features of your
word processor (such as standard.dot for MS Word).
2. Please do not insert automatisms or secret link-ups
between your text and your figures or tables. These
features will drive our graphic department
sometimes mad.
3. Please only use two fonts for text or tables
"Times New Roman" and for graphical presentations
"Arial".
4. Stylesheets, text, tables and graphics in shade of
grey
5. Turn on the automatic language detection in
English (American or British)
6. Please - check your files for viruses before you
send them to us!!
Manuscripts should be uploaded on our website
prt-parlar.de
Thank you very much!
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STRUCTURE OF THE MANUSCRIPT
Title page: The first page of the manuscript should
contain the following items in the sequence given: A
concise title of the paper (no abbreviations). The
names of all authors with at least one first name
spelled out for every author. The names of
Universities with Faculty, City and Country of all
authors.
Abstracts: The second page of the manuscript
should start with an abstract that summarizes briefly
the contents of the paper (except short
communications). Its length should not exceed 150200 words. The abstract should be as informative as
possible. An extended repetition of the paper's title
is not considered to be an abstract.
Keywords: Below the Summary up to 6 key words
have to be provided which will assist indexers in
cross-indexing your article.
Introduction: This should define the problem and,
if possible, the frame of existing knowledge. Please
ensure that people not working in that particular field
will be able to understand the intention. The word
length of the introduction should be 150 to 300
words.
Materials and methods:
Please be as precise as possible to enable other
scientists to repeat the work.
Results: Only material pertinent to the subject must
be included. Data must not be repeated in figures and
tables.
Acknowledgements:
Acknowledgements
of
financial support, advice or other kind of assistance
should be given at the end of the text under the
heading "Acknowledgements". The names of
funding organisations should be written in full.
References: Responsibility for the accuracy of
references rests with the authors. References are to
be limited in number to those absolutely necessary.
References should appear in numerical order in
brackets and in order of their citation in the text.
They should be grouped at the end of the paper in
numerical order of appearance. Abbreviated titles of
periodicals are to be used according to Chemical or
Biological Abstracts, but names of lesser known
journals should be typed in full. References should
be styled and punctuated according to the following
examples:
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ORIGINAL PAPERS:
l. Author, N.N. and Author, N.N. (Year) Full title of
the article. Journal and Volume, first and last page.
BOOK OR PROCEEDING:
2. Surname, N., Surname, N.N., Surname, N.N.,
Surname, N. (Year) Title of the contribution. In:
Title of the book or proceeding. Volume, Publisher,
City, first and last page

DOCTORAL THESIS:
3. Author, N.N. (Year) Title of the thesis, University
and Faculty, City
UNPUBLISHED WORK:
Papers that are unpublished but have been submitted
to a journal may be cited with the journal's name
followed by "in press". However, this practice is
acceptable only if the author has at least received
galley proofs of his paper. In all other cases reference
must be made to “unpublished work" or "personal
communication".
Discussion and Conclusion: This part should
interpret the results in reference to the problem
outlined in the introduction and of related
observations by the author/s or others. Implications
for further studies or application may be discussed.
A conclusion should be added if results and
discussion are combined.
Corresponding author: The name of the
corresponding author with complete postal address



