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MKKROPLASTKKLER VE ¢ EV RE S ELERKT K

Prof. Dr. Senar AYDIN

Necmettin Erbakan | niversitesi
Muhammed ULVK

Necmettin Erbakan | niversitesi
Mehmet Emin AYDIN

Necmettin Erbakan | niversitesi

Dr . ¥7Jr. i yesi Arzu ULVK
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¥zettPl asti k kirlilijinin k¢gresel -evreyi dej
czerine olumsuz etkileri ol duju bilinmektedir.
etkileri sebebiyle k¢- ¢k boywtntl aakimexltagt.i kl er
Boyutu 5 mméden daha k¢-¢k plastik partikegller
réel maktader. Mi kroplastikler hem karasal hem ¢
maktadérl|l ar. Mikroplastikler su ortaména su t a
yelveevse at éksu sistemleri gibi insan faaliyetle
-¢k boyutlarda -evresel ortamlara sal énabil ec:
plastiklerin zamanla par-alanmaséyla da ol uka
larda mikroplastiklerin derin denil e r d e, sedi mentl erde, y¢zeysel
tup b°l gelerinde ve okyanuslarda tespit edil di

hirde3.9*16part i%k ¢tti ktihde bir <dmarbtairdaj EBmidm 1. 36* 10
lerde 8.9*1Gpart k¢ Kdmadadda §palrite rkdftef k.m4d 8* 10

zilyadda halidteAlnmahyapdat iak &lk/sm ar ét ma t e
*10part ik ¢utnupl arda@kons8dnprasyapl aménda mik
l asti k tespit edilmixktir. tevredeki pl asti kil
doj mudzaar ar g°r mel erine sebep olurlar. Beyek p
vecutl aréna takélarak bojul malaréna sebep ol at
taraféndan besin sanélarak yutulabilir, bal ék
Mikroplastiklerileilgl i endi ke onl arén polisiklik aromatik
ikl orlu bifeniller, polibromlu difeni.l eterl e
metall eri emme ve biriktirme kabiliyetleri ne
ti kl er u kirleti d¢dialkemimal eak @sniastvemciani @d ar én
girmelerine sebep olurlar. Mi kroplastiklerin ¢
i-in yapélan bir -alékmada kopepodlardan Tigri
gol andi us te¢erleri polistiméeanémi keo -lbb&ncukl ar
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Senar AYDINT Mu h a mme di MéhmétEmin AYDINT Ar zu UL VK

sayéda yumurta kesesinin gelikmedijine ve yumu
dair bulgular elde edil mixktir.
Anahtar kelime: Mi kr opl asti k, -evre, sucul -evre, et

Abstract: It is known that plastic pollution changes the global environ-
ment andhas a negative impact on wildlife. Over the last decade, studies on
small size plastics have intensified due to potential harmful effects. Plastic par-
ticles smaller than 5 mm in size are called microplastic. Microplastics exist in
both raw terrestrial anaiquatic ecosystems. Microplastics reach the aquatic en-
vironment as a result of human activities such as water agriculture, fishing,
tourism, industrial and domestic wastewater systems. Microplastics can be re-
leased to the environment in small dimensianshey can be formed by break-
ing up large plastics which are thrown into the nature over time. In some stud-
ies, microplastics have been detected in deep seas, sediments, surface waters,
polar regions and oceans. 3.9%farticles / kid in a river in Switzerland,
1.36*10 particles/knd in a water dam in China, 8.9*1@articles/ni in lakes
in China, 7.48*10 particles/km in lakes in Canada, 0.19 particle$/m the
estuary in Brazil, 9*19particles/niat the effluent of the wastewategatment
plant in Germany, and 0.34 particlé/ooncentrations at the poles were deter-
mined. The plastics cause direct damage to birds, reptiles and fish. Large plastic
pieces can cause living things to drown in their bodies. Microplastics can be
swallowa by living things as food, and they can clog fish gills. The concern
with microplastics is increasing due to their ability to absorb and accumulate
persistent organic pollutants such as polycyclic aromatic hydrocarbons, poly-
chlorinated biphenyls, polybramated diphenyl ethers and metals. Microplas-
tics cause these pollutants to be transported in the ecosystem and they enter the
body of living things. In a study to investigate the effect of microplastics on
reproduction, the species of Tigriopus japonicad &€alanus helgolandicus
were exposed to polystyrene microbeads and there was evidence that many egg
sacs were not developed and eggs were smaller.

Key words: Microplastic, environment, aquatic environment, impact.

1. GKRKKEk

Pl asti klerin wgklmmegasdl z9 ksleli kl erinden ¢
pénda kull anémlaré -ok yaygéndeéer. Pl asti kl er
beri yélda 300 tona ul akméxkteér. Fakat kul | at
don¢gkt ¢grel mektediriklieniwe¢cdiel i m20L8@)n Rbas
l erinin az ol maséndan dol ayé geri dong¢gkemler
i-in yetersiz atéek y°neti mi, uygun ol mayan I
-evreye sal énémé ger-ekl kiumdhktlediim. n¢ eswrme dzeak
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negati f etkilerini g°stermesiyle birlikte bu
l eml er artmaya bakl améxkteéer .

Pl astikler poketler, tabaklar, -antalar gi
dikleri gibi,t emi zIl eyi ci |l er , pell etler gibi k¢-¢k bec
daki b¢yeéek plastiklerin par-alanmasé ve kg¢- ¢
maséeyla -evresel ortamlarda mikroplastik kir
olan mikroplastikler e vr esel ortamlarda -ok kol ay yayeéel e
yanékl edérlar (Jiang, 2018; Andrady, 2015).
destriyel kozmeti k ve Kki«kisel bakém ¢renloer
kaynakl arééeliaep bgygkyplastik -°plerin zamanl
zetti ve dijJ ., 2018) . Mi kropl astikler k¢- ¢k
canl éelarén ve¢gcutl aréna girmesi kol ay kirleti
ti kler -evresegil i mlrearaimmcde dabagedaanl él arén vy
mi Ktir ve canl élar ¢zerindeki et ki si kanétl a

2. MKKROPLASTKKLERKN ¢EVRESEL ORTAMLARDAKE
VE AKI BETLERK

Mi kropl asti kler -evresel ortamlara bakl éc
Onlack én fiziko kimyasal ©°zellikleri ve -evre K
dij., 2018) . Mi kropl asti k|l er ekosistemde hon
dirler. Mikroplastikler karasal ekosistemler
trrSon zamanl arda yapélan arakteérmal ar da suct
Jine yojunlakeéel méktér. Fakat mikroplastikler
sonucu ulakmaktader. Karasal ekosistem i-ind
dendir( He ve dij., 2018). Topraja giren mikropl
nabilir, erozyonla yer dejiktirebilir, -evre
sézabilir. Toprakta yakayan canl élarda mikro
bek,si ncap gi bi canl él arén hareketi sayesinde
(Ril'lig ve dij., 2017; Hurley ve Nizzetto, 2
ziyeti, oksijen bolluju ve nispeten y¢ksek s
zundijru ortamdér. Toprak biyotasé ve karasal
maséné hezlandeéer ér . Tar eéms al faaliyetl erde I
ol abi lir. B¢egten bunl ara rajmen toprakta pl as
¥rnejinkit opolaiketai | en 8000g4nosamémadgaponléeizpgrof
bir yélléek s¢re sonunda%0. 4 ajerl ek kaybeéenc:
boyunca par-alanmadan kal mékter (Ali ve di]j.

-al ékmal aadai kopph&sti klerin varléeje tespit
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ve Bigalke (2018) Ksvi-redéde toprakta mikr o]
dij., (2018) ¢indbde tops4ak2apai kirlopl Al i &l ar
mukl ardér . aKigr &sel isulfamnmd %9206si ni plastik -2°
tevreye ateéelan b¢gyek plastiklerin sulara
l en k¢-¢k plastiklerin aréetélmadan sul ara ve
i T iJini oluktmlramada alélrun®nuclnidcklogdtca pol i mer
tilen 0.9170.965 g/cm,polipropilen 0.90.91 g/cn, polisitren 1.041.1 g/cnd, poli-
etilen tetrafitalat 1.372.45 g/cnd, polivinilklorid 1.161.58 g/ciy of unl uj una s a-
hiptirler (HidalgpRuz ve diffhnerove ;di jLi, 2011). Mi kr op
junluju sudan b¢yeéegk ol anl ar sedimentte birik
roplastiklerden y¢zeyde ol anl ar zamanl a biyoc
kirleticileri absoréeaedebi g?steri pe-Ybeghbinl i

mi kropl astikler suyun ve sucul canl él arénén
yé¢kselip takénabilirler. Yapeélan -al éxkmal ard
rin varl é]é tespitg°ddinldne?MNTQraNfal?ar nwed i chi ]Wu,h an
2017), Goiana halicinde 0.19 MPIhLi ma ve difj ., 2014), Liguri al
ve difj., 20CHé6ns®&nBrraMpPdmunda mi kroplastikler

kekil 16de lk&knasalt emeesdeldl mi kropl asti kil
akébeti verilmixktir.

a) Karasal ekosi ¢b)Suculekosisteq Thi el ve

kekiMi kFf.opl asti klerin kaynakl| aré ve a
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3. MKKROPLASTKKLERKN DKJER KKRLETKCKLER KLI
k KMK
Mi kroplastikler b¢gyek plastik atéklardan

(Lee ve dijJ., 2014). Mi kropl astikler -evrese
ménda b¢gyek rol gyamarkl &krir | Rddaeci k®lréané koo pl a:
kol ayca absorbe ol abilirler. Mi kropl asti kl e
tiji onlarén akébetlerinin belirlenmesinde °
yasal sorpsiyon denrngng kingyasal komgozigydnanatioyuk t i pi ne,
tuna bajlé olarak dejikir (Wang ve dijJ., 201
|l asti klerin renklilere g°re daha fazla PCB a
mal ar g°stermiktir ikkil eorreg aenmikl ibmil,e kdiokjlaelr isne dpi
raklara g°re en az 1iKki kat daha fazl adér ( Ma

Tablo 16de mikroplastikler ¢zerine absorp
laré verilmicktir.

Tablol. Bazé pl asti k t ¢r | larleticilerth&onsargraspi t edi | en
yonu

Plastik tipi Kirletici Konsantrasyon Kaynak

Fragments  ve PCBs 491 ng/g(pellets) 243118 Col abuono v
pellets ng/g (fragments)

Pellets PAHs 1301 27.735 ngl/g Fisner ve d
Pellets PAHs 737-39,763 ng/dPE) Fisner ve d

8719252 ng /g(PP)

227780 ng/g(Fe) 4527\Vedol i n ve
ng/g (Al)

Pellets A

—>
M
—

4. MKKROPLASTKKLERKN EKOTOKSKKOLOJKK ETKKI

Mi kroplasti klerin en °neml:i -evresel et ki l
ve canl éelar taraféendan yiyecek saneéel arak t ¢k
l an organi zmal arén b¢y¢mesi, dojurganl éeje ve
hemdek myasal) °nemli zararlée etkilere yol a-t
Chua ve dij ., 2014) . Etkilerin savunmaséz oI
mi kropl astiklerin varl éjéna daha duyarl é& ol a
ol duju gtster iMihkiropl astiklerle ilgild@ bazé
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polistirder]efrinlBEC97 mg/ L, polietssl eni min 0.
dejeri 0.58 mg/ L, sdell edm poo I5i4s tmigr/ eln oil -airm kE @ e
(Casada 3®; dBgdr.gamli0 ve dij., 2017). Mi kropl a
kl orofil i -erijinin ve fotosentez aktivitesi
Mi kropl asti kler ayréeca dojrudan fizi ksel has
ozmoti k basemaéweatroknsi k ki myasall arén sal én
ve dij ., 2019) .

Memel il erin vgcuduna giren plasti k par-aceé
absorplanmal aré bekl enmezken, <150 Om ise |e
ise damarlardaabsop | anmal ar é, 020 Om ise organlara ul
organl ara ul akmal aré, kan ve beyin araseénda
m¢mkeéen ol abilir. Tablo 26de | aboratuvar - al é
aldekl adent esgiatni gdnial ar ver il mikt:i

Tablo 2. K¢ - ¢ kK pl astik par-acéklaré vyuttuju t
(Aldray, 2011)

Ekosistem Ter Plastik Kaynak

boyutu
Echinoder- Holothuria fieldana,H. gri- | Mesoplastic | Graham ve Thompso
mata sea, Cucumaria frondosa, 2009
Thyonella gemmata

Mollusca Mytilus edulis Microplas- Browne ve
tics

Lug Worms Arenicola marina Microplas- Voparil vV e
tics Teuten ve

Birincil trofi k sevi ymildopl&siiklerbesimkire!| ar t ar af
cirine aktareélabilirler. Bal da, Keker de, t uz
| asti kler tespit edilmiktir. Tablo 36de fark

konsantrasyonl ar é
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Tablo3.Farckddka ¢r¢nl erinde tespit edilen mikr
Numune [Konsantrasyon Plastik tipi [B° | ge Kaynak
Bira 21 79 lif/L, Lifler, Almanya Liebezeit ve
121109 fragmaniL, fragmanlar, Liebezeit 2014
2166 grang¢l / Lijgrangl
Bira Oil43parti k¢l [ |Lifler, ABD Kosuth
fragmanlar 2018
Tuz 55006 81 part i KLifler, ¢in Yang ve
tuzu fragmanlar,
43364 par ti kdpeletler
71204 partikyeg
Tuz 16i 84 tane/kg deniz tuzu |Lifler, Terkiye G¢ndoj du
8i102 tan/ kg |[fragmanlar,
9i 16 tane/kg kaya tuzu  [filmler
Bal 166 N 147 | ilLifler, frag{Al manya, F |Liebezeitve
9 N 9 fr agma|manlar Kspanya Ve |Lebezei, 2013
Musluk [0-6 1 par ti k¢l |Lifler, frag- K¢ b a, EkvaKosut h
suyu manlar, film4tere, Fransa, Almanya,|2018
suyu ler Hindistan, Endonezy|
Krlanda, K
Sl ovakya,
Uganda, ABD
5. SONUC¢
'l kemi zde mi kroplastikler ile a@dgili yapel
bir sénérl andérma bul unmamaktadeér Bazé ¢1 ke
séenérl amaya y°nelik -al ékmalar varder ¥rnej
srénlerinin imalatéené yasakl améxk, 2019 yeéel eéen
KKkné yasakl ayacakter Yeni Zel anda ve Ksvi-r.
crénlerini, Tayvan mi kroplastik i-eren sa- v
Kore mikroplastik i-eren temizlik ¢renleri Y,
Ayreeal yél éna kadar Avrupa Birlijionde tek
nacaktéeér il kemi zde ise 2019 yéle itibari i
ril mi ktir Genel ol arak ulusl araraseée ejil i m,
maktekroMl asti kler ile ilgili daha fazla -al
dan gerekli ©°nlemlerin alénmasé gerekmektedi
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YALOVA KENT ME REKKEYZKLNGMA T K K
KONFOR Y¥N! YLE DEJERLENDKRKLMESK

Dr. ¥Jr. !yesi Ahmet KO¢
Il Jdér | niversitesi
¥zet: Kent sel al anl ar da hekem segrem 0kl im

mek©nl arda ge-irdikl eri aktivitelerin tamameé
sanl xraek®sl|l aréenda ge-irdikleri sosyal zamal
et kil emektedir. Kkl im el amanl arén bu denli €
yoklimati k konforu gel mektedir. BiyoklimatiKk
olarak belileyen ndeksl erin olukturul masé yaklakéek 20
l ardeéer . Bu -al @ékmal ar sonucunda ol duk-a fazl
ti ksel yaklakéemlareée i-inde baréndéran indeks
yanénda burimgdeélsliaii nefvoesel fakt°rlerle ve
ber dejerlendiren bilgisayar modell eri de ol
merkezine ait20: 2 017 y el |l aré& araseéndaki Devl et Metro
derl ¢J ¢dne aetdesaatdil &r elerbli okl i mati k konf c
t¢em denyada yaygen ol arak kull anélan ve ol du
siological Equivalent Temperature) indeksi ve Raymanpro hesaplama modeli kulla-

nel mékter . tekan soewkéarme gdirte kialt oyal Kektp

i -in konforlu g¢n sayélaré ve saat aral ékl ar
tir.
Anahtar Kelime: Rayman, Biyoklimatik konfor, Yalova

Abstract: Climatic conditions in urban areas affect all the activities of people
outside. Climate elements affect the social taoae tourism and economy of people
in their outdoor areas. The climate is so effective that people from the beginning of
the people'sibclimatic comfort comes. The creation of indices that objectively de-
termine the conditions that are bioclimatically comfortable is the work that has been
going on for nearly 200 years. As a result of these studies, a large number of physical,
physiologicdand mathematical approaches were formed. At the same time, compu-
ter models were used to evaluate the formulas of these indexes with environmental
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factors and human characteristics. In this study, hourly data of General Directorate
of State Metrology Stains belonging to Yalova city center between 2Q087 were
obtained and PET (Physiological Equivalent Temperature) index and Raymanpro
calculation model which are widely used worldwide for bioclimatic comfort calcula-
tions were used. . According to theuks, comfortable days and hour intervals were
determined for the people in Yalova city center and necessary suggestions were
made.

Key Words: Rayman, Bioclimatic comfort, Yalova

1. GKRKk

Kkl im insanlarén yakaméné etkileyen °nemld.i
| arén bar énmaséneéeé, gi yecek, i -ecek vb. t emel
tedrrKnsanl arén yery¢zende dajél ekl aréené incel
kentselalanbkda bar énmakta ve bu oranén 2030 yéllar
mektedir. (Mirzaei and Haghighat, 2010). T¢rk
Kék %5006si kérsal kesimden ol ukurken g¢ngémg
ter. (Yeéel maz, 2®dK5)n¢ fKesg syad]j wn lanjl amuwWn d ¢ K me s
ngfus yojunlujunu artérmakta ve bu durum i se
ol maséna neden ol maktader. Bu baskeéelardan ke
yézeyl eri kent i krkménkeéXgncnwhdarhawags8eeakla
bakéméndan daha sécak ol an kentsel alanl ar i
maktadeér. (Toy and Yeél maz, 2010) . Knsaneén fi z
teje, en az enerji hbhagabpiardk]i-eveekiendi synr
ol arak en rahat hissettiji sécakl ek aral éj én

mektedir.(refrigerating and engineers, 1992). Kentsel mekanlarda biyoklimatik kon-
foru hava sécakl éj e, etkigmelgedir.(Kavakounagetrab,s f er el em

2018). Atmosferik elemanl arén termal bil eken
ol arak ifade edilir) basén- [VP] veya bajel
radyan sécakléejée i-erahegl@®edir (Tmrt). (Matzar

Bu -al ékma, Yal ova kent mer kezini kapsama
1 yélléek saatli k i klim veriler:i dejerl endire
kil erini ortaya koymayé ama-|l amaktader.
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2. MATERYAL ve METOT

2.1. Materyal

¢tal exma alanénén materyalini deni z seviy
39.9191 enl emi ile 44.0442 boylaménda ol an
tader . (kekil 1) : Ayréca -alexkmada Meteorol c
Mer kezi 6 Re0 1a8i ty&ddélatdea kd 1 yéll ek saatli k nem
ve bulutluluk veriler:i kull anéel mékteéer .

2.1. Metot

Biyoklimati k konfor «kartlaréné hesapl amak
gi cal Equi val entl993;d49389w Matdanakisd999) Hdeksipkel-
|l anél mékt ér. Bu indekse g°re insan i-in PET
(Tablo 1)
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Tablo 1. PET indeksinin termal his ve stres seviydlddppe, 1999;
Matzarakis and Mayer, 1996; Matzarakis et al., 1999)

PET( AC) Knsan Sécakl Termal Stres Seviyesi
<4 ¢ok sojuk AKkér é sojJuk
4,1-8 SojJ uk G¢-1 ¢ sojuk
8,1-13 Serin Orta sojuk
13,1-:18 Hafif serin Haf i f soj uk
18,1-23 Konforlu Termal stres yok
23,1-29 Hafi f él é Hafi f sécak
29,1-35 1 ek Orta seécakl
35,141 Sécak G¢-1¢ seéecakl
>41 tok sécak AKEér é sécak
PET indeksine ait b¢t ¢n heslawpll laanmad ma |, son
sahip olan radyasyon ve biyoklima model. ol a

t €Matzarakis and Rutz, 2005; Karakis et al., 2000)

33.BULGULAR VE TARTI kMA

Yal ova Kent mer kezi cojrafi konumu ve dif]j
KIi " nin ikklliinma ,t iMakrool ar ak, Akdeni z ve Karad
ge-i kK nitelifi takémakoatdaya ¥elkahi aker §agéae
|l i kte nem insanlareén fiziksel aktivitelerini
Yaz aylarénda sécakl ekl ar & n-klimaik kordomi n bu denl
analizlerinde dojrudanl eklké Ritrmekelki Iviee imelarn
faaliyetlerini keseéetl amaktadeéer . Késétl anan |
olana temaséné azaltmakta ve bu durum i se ek
zénda olumsuz etkiler ol uktdugrrnmacdéird.n dleenv laelté -N
nan bir yéllék saatlik verilere g°re Yal ova
l'izi yapéelméxtér. (kekil . 2).
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Yalova Kent Merkezi PET Analizi

Wioksodsk ok meem W ool whafk Wik wSck m(otsat

k e k ivdlova2Kent Merkezine Ait PET Analizi

Yapél mék ol an biyoklimati k konfor analizir
talama PET ( Physi ol ogi cal EquiACaloé mtr ake hpsmapt u
| anméktéer. Bu durum ise Hope ve Matzarakisoi
Yalova Kent Merkezinh nsan yakamé i -in genel itibarivyle
mi Ktir.

Detawyl enbéel eme yapacak olursak ; Yal ova Kert

( Ar ®tagkku b at ) Physiéldyical BRy&EvElent Temperatured)e | e r i

ile hafif sojuk strese maruz kaldeéeklareée g°r ¢
NisanMay € s ) 2 QPhysioldgal PgEivialent Temperaturel)e | e r i il e kon-
forlu olduju ve insanlarén her gibi termal s
ayl ar én dEemudAjzu gtams )  ZPhysilogidaCEqrvVEIdnt Tem-

perature)or t al amasé islee akdtéek demrecede maruz kal di
| ar & n dBkimKRyslégrl) Yal ova Ke n tPhyielogkatBrui- 23 . 4 AC P

valent Temperatured r t al amasé il e insanlarén hafif der
ger ¢l mektedir. Ay neé zza mabnudlau nYdaulj ouv ac oK ernatf i Mekrol
ikl im °2zellikleri bakéméendan yéléen her gg¢nyg
der . Bu durum ise insanlareén fizikse -eédan
l erden birisi oldujunun kanétéeder.
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ENERJKTALEBKNKN ZAMAN BAJ | MEENERJ |
POLKTKK ALARI NI N OLUK TURUKYMAESH NDAK

Prof.Dr. A. Beril TUJRUL
Kstanbul Teknik | niversitesi
¥zeBu -al ékmada, cl kel er 1 -in geé¢nl ¢k enerj
l' iti kalaréeénda yadsénamaz °nemi bulunan el ekt
makta ve zamansal dej i Ki mi incelenmektedir
mesinin yané séria devisidhskeénmakeedief riBu i ki
sinin s¢perpoze edil mesi ve b°ylece maksi mum
bil gi veril mektedir. Fazla ol arak gelecek pr o
vV e ol ke b¢eg¢yéeme oranl aré -ermektediesi nde dejerl et
Enerji politikalarénén olukturul masénda talep
gel ecek projeksiyonu i-in rasyonel kriterler
yapél masé gerekenler czerinde durul maktader.
amade santrataén ¢ zerinde durul ar ak, s®z konusu bu
kal aré i-indeki yveri ve elektrik enerjisi bafjl
séndaki °nemi vurgulanmaktader.
Anahtar Kelimeler: E1 ekt ri k tal ebi, Enerji ekonomi si
Ge¢nlalkept ejrisi, Mevsi msel talep ejrisi

Time Dependency of Energy Demand and Importance
in the Constitution of the Energy Policy

Abstract: In this study, changing of the daily energy for the countries
was taken up by electricity demand and variation oégtigated in detailed. In
addition of it, seasonal changing of energy demand examine also with the var-
iations. Both demand curves made superposed and reaching the maximum en-
ergy demand value. Moreover, developing plans and demand rising rate for the
countly evaluated for constitution of the energy policy. It was noticed on the
importance of energy demand curves in the energy policy in the point of view
future projection by using rational criteria. Furthermore, importance of the
availability for the power fants was evaluated by the point of the energy poli-
cies.

Key Words: Energy demand, Energy economics, Energy power plants,
Daily demand curve, Seasonal demand curve
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1.Girik

Yakade] émeéez - aj-edkao nsdnkiekl eolidiu eswksaydoar k¢l t ¢
rini de yaratabil mel eri ve refah d¢gzeyl erini
|l arda enerji gereksinimlerini karkél amal ar e
jumuz bil gi -ajeéenda enerjiye duyudan ihtiya-
Esas itibariyle, n¢gfus, sanayil ekme ve tekno

karkélamak halen d¢nyanén tegm ¢l kel erinin y.
[1].

¥te yandan, elektrik enerjisinin kullaném
dézZzi.ra d°P°n¢kegmegneégn kol ay ol masé ve kilometre
ménda iletilebilmesi elektrik enerjisinin ku
yi Kkl e, enerji politikalarénén ol ukturul masé
rksart r al ar énén yer. ayré bir °neme sahip bul
el ektri k ¢reti mi ve elektrik t¢gketi mi il e bt
|l anmasé ve dejerlendirilmesinde indikat°r pa

il kel er pei ntieknaelrgrié ol ukturulurken ener|j
°czellikle de elektrik enerji talebini yapmak
santral yatéerémlaré ve ilgili enerji planlam
ger ekmekt eddyilra., Dboulraaydéas ener j i talebinin zama
bir zorunluluk ol maktadeéer.

¥te yandan AEnerji Talebi o ifadesiyl e; ge
tegmeg i -in talep edilen enerji kast edi |l mekt e
enerjit ¢ ket i mi dir. AEner ji Teketimi o ile de yap
i fade edil mek istenmektedir. Birbirine yaker
t ¢keti mi arasénda ger-ekte farklelék bul unma
teriysee ner j i tal ebi karkél anabil mekt e, ancak ¢!
keséetlar nedeniyle talep karkél anamamaktadeér
eKit ise; eneriji politikalaré bajlaménda ene
lebi karkélanabil mik anl aména gel mektedir. Gen
karkélanabilir olmakta ve enerji talebi il e

Geli kmekte ol an veya az gelikmik ¢l kel erd
lanamayarak,kak €l anabi | diji kadaréyla enerji t¢keti
bakka deyi kKl e, enerji t al ebi ol maséna kar kKer
mektedir.

Bu -alékmada, ge-mik verilerin dejerlendir

~

bul edi hemrki veg¢leti mi dejerl eri ge-mi kKt ek
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edebil ece] i kabul ¢ yapéel mékteéer. Ancak, gel ec
geli kim planlamal aré -er-evesinde g°z °n¢ne
l anmaséna yk%eéelmknenegger-eklenmesine ilikkir
ol ukturul masé esaséna dayanan bir irdel eme vy

22 El ektri k Enerjisi Talebinin Zaman Baj é ml

il kel er i -in her zamaonl ndayla bmilnnieek teendeirrj.i ¥r
jin; g¢é¢negn her saatinde enerji talebi ayneée o
atlerine g°re ve /veya g¢nekin batmaseéeyl a il
dir. Keza, mevsimsel ol arodkabdd neenketrejdii rt.alBeup Ib
| amda, el ektrik enerjisi talebinin ge¢nl ¢k v

durmak yerinde ol acakter.

21.El ektri k Enerjisi Talebinin G¢gnl ¢k Dejict

El ektrik enerji talebi ¢l keden sgl keye hatt
terse de genel bir dejikim ejrisinden bahset
keye enerji tal ebi dej i ki mi derken; ©°zellikl
karkén yazén g¢n éexkeéjéndan fazla yaralanan
edi lomimakt adér. Bununla beraber b°ylesi ¢l kel
talep ejrisinden yine de bahsedilebilir. Bu
ve d¢nyada -ok sayeda ¢l keyi kapsayan él eéman
rikenerjitd ep ej ri si dej i Ki mi czerinde durul acakt

El ektrik enerji tal ebi i ncel emesi génegn b
Saat: 00.00 itibariyle ele aléndéjénda gece
binin d¢k¢gkte oldujlubavénaakadar kbuké,®grngtnoO8
ger ¢l mektedir. Bir bakka deyikle, Saat 036ce
tal ebi déeKéekKegnegn devam et ti i ve t¢ém geéeneégn e
ul aktéje tespit edil mektedir.

Bu saattenitbare i se tekrar bir y¢kselik g2zl enmel
renda tekrar gece yaréesé dejeri civarénda bi
belirl enmektedir. Sabah saatlerinde s°z konu
| akék Saat: iIr0.p0d& cyiawarraékn dad élr . Bir bakka de)
bakl ayan arteéek trendi saat 10 civaréna kadai
gestererek bu d¢ké¢k °jJl e saatlerine kadar (vy
mektedir. Busadabrmbk Saanel0l6i kkleg¢ er i mertebesine
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Daha sonra tekrar bir arteéexk tr-Bndi gzl en
zaman dilimine kadar s¢rmekte ve s°z konusu
maksi mal pi ki ni oluktdemalktoadar .i sButz&mam di
trendi baklamakta ve gece yarésénda bir bakk
al maktader . B°yl ece de elektrik talebinin gg¢
maktadeéer. kekil 16de el enkterjirk sdnegrejnielt ahlad biyn

ré¢él mektedir.

kekiEl ektrik Enerji Talebinin Genel Genl ¢k

kekil l16deki ekstrem noktalaréné ele al éép
nel karakteri ile yakeéndan ijligitlail edlidcddjnu gaml-
l ¢k dejikim ejrisinin ilk ekstremi géenegn back
dan sonra sabaha karké Saat 03 civarénda bir
Bu mini mumun ol ukmasénén nedeni topl umun b¢
uyku d°neminde ol masée olup, ¢(- vardiya -al éx

mel erin kapal é ol masé ve dolayéséyla da ener
maktader

Saat 10 civareéendaki i kinci ekstrem bir ma
Kam die- il duj u, sanayi Kuruml arénén ve dijer
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d°nemin gereksini mi olan elektrik enerjisi
bakka deyi Kkl e, géenl ¢k yakamén sabah saatl er |
enerjisitalebiartmalst ve el ektri k enerjisi t¢gketi mi de
saat diliminden sonra -exitl:@ aktivitelere ©
de Saat 12 civarénda ikinci mi ni mum ol ukmakt

Akkanr9l 7saatl eri civaréndaki i ki nci ve en
ekstremin g°re¢lmesinin nedeni i se akkam saat
denl anma gereksiniminin artéyor ol masé ve ay
ve dijenrini kdleethmel a -al ékéyor ol maséndan Kkayn
maksi mal pikin saat diliminin genik aral ekl e
dol ayéséyla mevsi mden mevsime dejikiyor ol ma

Bu saat diliminden sonraayv a k yavak bazé (°zellikle de
sanayi kuruml arénén ve dijer i kletmelerin de
dinlenme ve uyku d°nemine girmesiyle elektri
tedir. Bu d¢ke¢k | smafaaksdBemevamedadalior mi gi

kekil 16de verilen ejriye uygun ol arak ge
talebinin g¢nl ¢k deji ki mi, enterkonnekte si ¢
ifade etmemektedir. Zira enterkonnekte sistemdenydéla é yl a traf o si st e ml
beyl esi -ok pikli deji kimle elektrik -ekimi
Bundan ayré ol ar ak, elektrik ¢reten santrall
tiril mesini ger ekl k € mhaakztéa dséarn.t r Hhd tatr & nd adleav 1
kmasé vel/veya girmesinin gereklilifJini ort
Tém bu s°z konusu duruml ar , genl ¢k enerji
étéemenén g¢venlii ve g¢venilirlikle sajl anma
edemlke,|] HKO6deki gi bi bir elektrik enerji tal
oktalarénén birbirine yakl aktéreéel masé ger ek
|l kel er ge¢nl ¢k yakamén d¢gzenl enmesi konusund
akkal edjeydlkektri k enerij.i talebinin g¢nl gk de
eksinimin realistik ve rasyonel kekil de hay
anmaktader .

(o]

—>

- T T &~ S 5

Tée¢rkiye de byl esi déegzenl emel eri yapan bir
smu-lara wulakan ¢l kel er arasénda yer al makt
enerji talebinin g¢nl ¢k dejikim ejrisi (10. (
t ¢keti mi g°r ¢l mektedir.
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2. 2. Elektrik Enerjisi Talebinin Mevsi msel
El ektrik enerjisi talebinin zaman baj éml é
zamanda mevsimsel deji ki m deedenloleméktar i kK enerj i
dér. Bu bajlamda sajléeklée bir elektrik ener]j
sel dejikimin de bilinmesi ve incelenmesi ge
El ektrik enerjisi talebinin mevsi msel defj
dej i ki mi ctendndee gapemk yerinde ol acakter.
i ncel emesi i-in ayl ék elektrik enerjisi t ¢k

muz/ Ajustos aylarénda t¢ketimin maksi mumdan
aylarénda tersimge-adoli diako°micghimakmeanr [ 3]

Mevsi msel ol arak elektrik enerjisi tal ebi
den yapél mak istenirse; kék ve yaz mevsimler
ol maséna karkeén il kbahar ve soeabtaddirda( kegket
kil 3) . Hemen fark edildifji czere dejJikim ej
kéen dejerlere sahip olduju g°r¢l mektedir. B
bl gesinin singzoidal dejikime yakénsayan bi

kekil 306ten hareketle ge¢negmegzde Ter kiyedni
tim dejerlerinin dejikimi i-in yaz ve keék ma
etti i tespit edil mektedir. Burada «kunu bel:
Terkdryin el ektri k ener ji teketiminin ayl ek v
8 yell ék gelikimi temsil etmektedir.
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kekiTlkr&i yednin Son Yéllardaki

Pol i ti

El ektri k E
Ayl ék ve Mevsimlik Deji ki mi

Bundan °nceki yél | aerfdaliXBeX|it e blartieyklie )ggi°b-i

r¢l mekteydi [ 2] . Bir bakka deyikle, yaz piki
rinde, pi k elektrik t¢iketi mi ol ukmakt aydeée. S
elektrik t¢gketimi (sanayinesm ektaiznainnmans ey avze dkOl ni
kull anéménén da yaygénlakmaséyla) hézla artmn
Mmuk bulunmaktadér. Bu bajlamda, d¢nyayé et ki
al makta ol duju k¢resel i klimiidejikiminin etk
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\h__,I\H__,/éilf;ffkh__#/\h__ﬁf
Kis ilkbahar Yaz Sonbahar Kis
kekiTlr&iyednin 1999 Yéleée i-in Elektrik E
Ayl ék ve Mevsimlik Deji ki mi

kekil 306teki deji kim ejrisinde de dejikKkim
yakénsayan bir dejikim g°sterdiijeide-g®zl enmekt
jerlendirildijinde her ki ejride de T¢rkiye
mevsimlik dejikim ejrisinin dejikim b°lgesin
cak, periyodun seéeklaktéjée bir bakka deyi«kl e

T¢e¢rkiye bajl améenda, burada kKku hususu da b
yaz pikinin ulaktejeée elektrik t¢gketi mi dej er
maktadeéer . Bu husus, hayl i il gin- ol up, k¢r es
yans@&nyaaoamané ol arak nitelenebileceji gibi, ¢
nen arttejé ve ayréca (klma kull anéemé gibi)
gelmektedir.

Bu durum, elektrik santralarénén emre amac
ol maktadeéer . Bilindifji iczer e, emre amade sant
kartlarén dejikiminden etkilenmeden, her i st
séyla devreye girebilen santr al kast ediliyo

n¢keer santralar emre amadeblsantral ar ol ar ak
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3. Enerji Politikal arénén Olukturul maseénda

Enerji politikal aréneén gel ecek projeksiy
enerji tal ep tahumimaik t®ardeeml.i Elmierr jyert al ep t ah
enerji t¢eketim ejrilerinden hareketle yapeéel
enerji talebi tahmini yapabilmek i-in g¢nl ¢k
uygun ve dojru bir yaklakém ol maktadér .

Burada kKkunu belirtmek gerekir ki rasyonel
pabilmek i-in ¢l kenin en y¢ksek enerji téiket
°n¢gne al énarak genl ¢k el ektri k eneriji tal ebi
] erdaernekhet |l e enerji pl anl amal arénda kull aneéelr

Ancak, sadece bu ul akélan dejerle -al ékmal
santralar emre amade, bir bakka deyi kle g¢nl
ol arak her i gteggredigjiir ezveemeerk tcecew eya ayréca t a
gi rememektedir. Fazla ol arak, emre amade san
bil mektedir. Bu bajl amda, maksimum ge¢nl ¢k el
AnMarijinal El ekt r iod ukn eurrjuil nilasslée py eEjerkimseikd reidn r
i -inde bulunul an zapnalni tsi¢gk egli arel a rma kik- inn eder
l ep ihtiya- ejrisine ulakélmek ol maktader. k
tahminine ilikkin ioleuckgeéunrliu¢g ka nd emfairkiijnm neajlr ipsaiy éc

S°z konusu marijinal pay, ¢l kel erde far kil
der . En az % 10 ol masé bekl enir. Ancak, bu
sénérl e kullanéeldéjéelhalmi &r ¢il kieh ebide biumiptayaé
306l ardan baklayarak daha y¢ksek oranlarl a e
duju g°zlenmektedir.

Gel ecej e iploilkiktiink epnlearnjliamal ar én yapélabil
gibi marijinal elektrik enerjisi talepjer i si ne, ¢l kenin gel ecek proj
gel ecek kal kénma programlareé -er-evesinde ©°n
|l amda elektrik enerji talebinin ne oranda ar
gerekmektedir. Bu Dbtakjeheq raldbmin getpeek tahmininer i | mi Kk e |
ili kkin olukturulan g¢nl ¢k dejikim ejrisi ke
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Marijinal Uretim

Marijinal Uretim Sebeke

Egrisi Gerilimi
Gereksinimij

kekiEl ektrik Enerji Talebinin Gelecek Tahmini

Payda¢inlg k DejJikim Ejrisi

Gelecek

k e k ElektriiGEnerjiTald i ni n Gel ecek Tahminine KIlikkin
Genl ¢k Beii i m
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4 . Sonu-

Sanayi devriminden bu yana k¢resel ©°1 -ekt e
tejée denyaméeézda her ¢l ke i -in enerji pl anl am
nen ol wet ur-dlnmanerji projeksiyonu ve enerji
maktadéer. Enerji talebi i-inde bakat bir yer
°ncelikle ¢zerinde durul masé gereken konuyu

El ektrik enerj il atraabkmibnaik il -mans éi sgee rielkke no par
ge-mi kteki elektrik te¢gketim dejerleri ol makt
bu dejerlerin ayl ék ve mevsimsel dejikimi ba
ol du g¢ne ilikkin dajderin BBiyllienm&«die,° e ke@kn
enerji talebinin karkélanmasé m¢gmkeéegn ol abil e

Bu dejerlerin geleceji pl anl ama bajl aménd:
kenin genel hedefl eri ve politikalaréndan ha
mal @ridn nmesi gerekmektedir. Bir bakxka deyi kl
l er i g°z °n¢ne al énarak |l ojik elektrik talep

Tém bu hususl ar g°z °n¢gne al énarak gel ece
talebinin rasyonelBitmahmanka°agyirglebiémer | i
listik tahmini belirlenebilir. Elektrik enerjisi talep tahmininden hareketle elektrik

santralé yatéréemlareée y°nlendirilebileceji gi
rena da y°n veol debk]|] egbkeimge-magl|l anerji t ¢
dejerlerinden hareketle bir korelasyon ol ukt
ge-ilebilir ve Db°ylelikle de enerji yateéereéeml
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WATER -YIELD RELATIONSHIPS IN DEFICIT
IRRIGATED PEA IN GREENHOUSE CONDITION

Serhat AYAS
University of Uludag

INTRODUCTION

Enoch and Enoch (1999%tated that greenhouse cultivation was an agricul-
tural sector growing steadily worldwidBriassoulis et al. (1997)pointedout that
the majority of the greenhouses in Europe were in the center and in the north and that
these greenhouses are high costly structures with climatic control systems. Same re-
searchers reported that this situation has changed dramatically in reasnanga
that the current greenhouse presence has shifted to seaside areas of the northern and
southern edges of the Mediterranéafittwer and Castilla (1995) stated that tem-
perate areas use the Mediterranean greenhouse type and this greenhouse type is low
cost, unheated plastic covered building&hajan and Singh (200§ found that
product cultivation was carried out in more than 50 countries recently for commercial
purposes.

In 2014 year world pea production is 11 200 000 tons and the largest share in
peaproduction belongs to the American Continent with 4 400 000 tons. Canada,
Russia and US are the worl dds three biggest
and 778 000 tons, respectiveAOSTAT 2015). Turkey is one of the fewest pea
producer with 2 00@ns in the worldFAOSTAT 2017).

The nutritional value and agronomic advantages of garden pea (Pisum sativum
L.) contributed to the increase of its production and use in cropping systems
worldwide(Mc Phee, 2003 Garden pea (Pisum sativum L.) isiarportant winter
vegetable in the nortlvestern Himalayas of Ind{@andey et. al., 2006 Reports
are available on performance of garden pea under inorganic condikbtiar(et.
al., 2001; Raghav and Sharma, 2003; Sharma et. al., 2008nder semarid con-
ditions, it was indicated that water stres was apparently a major factor responsible
for low seed yield of the pea cr@dartin et. al., 1994; Mc Phee and Muehlbauer,
1999. Irrigation positively affected the plants during the sensitive flowering add p
formation period and increased pea seed yields in both locations. However, positive
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effects of irrigation were limited in Konya and more evident in Ankara, Turkey
(Tamgoc et al., 2009 The sensivity of peas to drought stres during flowering and
pod filling stageKnott (1987) and the effect of irrigation have been reporte&hly

ter (1962), Salter (1963aandSalter (1963b) at Wellesbourne, Warwickshire and
in the USA byPumphrey and Schwanke (1974)Shalter (1962)and Shalter
(1963a)showed that thereras a response to irrigation at flowering but not to appli-
cations of water in dry conditions during the vegetative growth stages.

Ritchie and Johnson (1990have reported that soil water shortage caused by
low water limit values in certain crop and soil condition can be prevented by irriga-
tion planning, furthermore, irrigation planning predicts the last date for irrigation and
that water stress allows effegtiirrigation to avoid adverse effects on crops. While
inadequate irrigation reduces production because it causes water stress in crops, ex-
cessive irrigation reduces crop productivity. For this reason, the importance of the
drip irrigation is great duringrigation date. Evapotranspiration based approaches
(Bar-Yosef and Sagiv 1982; McNeish et al. 1985; Clough et al. 1990; Hartz 1993)
or Bogle et al. (1989Who cared about controlled soil water consumption have used
drip irrigation in order to form sameaining strategies. Class A Evaporation is a
largely used method for estimating CWU, which combines evaporation measured
from the evaporation pan with CWU. The pan coefficient (K pan) expresses the re-
lationship of these two amounts. In an approach withrdegathe Kp, there is no
complicated measurement process and it is known as one of the easiest methods in
irrigation planning. Prediction of the value of k is often difficult when considering
local and regional differential features, soil features, phéuysiology and cultural
practices.Yuan et al. (2003noted that the estimaté&dvalues for regional irrigation
programming are too low for effective irrigation management, but high enough to
eliminate the water stress that may arise in emergency amjzErocal conditions.

The studies on pea irrigation show that climate, topography, water source, va-
riety cultural applications and irrigation management techniques and practices cau-
sing differences on fruit yield and quality. In our country,ribmber of studies done
on irrigation of pea under drip irrigation practices is quite limited. Specific studies
have been reported for the irrigation of peas in the world and in TutkegyZ d € mi r
etal. 2009Doj an et al . ). PrévibGstudids e slealy@hHbwn that
pea yield and the other quality parameters are highly correlated with the irrigation
water amounts. The target of this trial is to find out the effect of various watering
levels on pea yield, some quality parameters, ky, WUE and IWUE
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MATERIAL and METHODS

The trial was realized in 2007 and 2008 yearsinBMrean i Kk ehi r r egi on, 8 X
m? dimensions, plastic covered greenhouse placed in the-smuth direction, high
plastic tunnel conditions. The winters are cold and rainy and the summers are hot and
arid in Yenikehir and its province. The aver .
for the region where the greenhouse experiments were made 2007 and 2008 years
were 482.9630.7 and 13:42.9°C, respectively. While the average minimal tem-
peratures for 2007 and 2008 weée61 (-5.9) °C between January and December,
the average maximatmper at ur es wer e meafManynous, as 32. 9 art
2010. The soil of the trial site was sandlay and the soil reaction (pH) value ranged
from 7.86 and 8.05. Some characteristics of the soil are presented in Tablel.

Table 1.Some of chemical anghysical properties of experimental field soil

Soil Field

) Unit weight . Wilting Total salt CaCQ  Organic

Depth Soil Type em3 Capacity | ¢ (%) p %) % tter (%)

oint (% 0 matter (%
0-30 SL 1.34 29.73 21.74 7.99 0.037 16.5 2.92
30-60 SL 1.37 27.26 19.37 8.04 0.031 29.5 1.39
60-90 SL 1.58 33.92 2372 7.86 0.034 315 1.08
90-120 SL 1.50 36.30 27.73 805 0.032 33.0 0.94

Mankozeb and Endosulfan were used as a chemical drugs against pea diseases
and insects. 120 kg/ha 21&s0ote and 120 kg/ha 46 % phosphorus bottom base dress-
ing were practised to the soil two weeks planting seedling process. When the seed-
lings started to in flowering period, 120 kg/ha 46%Knanure was added. 10 I/ha
chlorophyltethyl was sprayed againsisacts. Pea seedlings were planted on April
01 2007 and April 04 2008. The plants and rows spacing applied in the trial were
0.50 m and 0.50 m, respectively. Each plot has involved 25 seedlings of pea. From
the middle of each plots were harvested 9 plastsample plants, considering that
water would leak from adjacent plots. The pod width and the pod length of the pea
taken as an example were measured with a calipers tool and the average values was
measured. The dry matter ratio of the pods were spetijiettying the samples (at
65°C in drying oven). The dry matter ratio was found by usik@AC, 2000).
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The experiment coincidence blocks were organized with three repetitions and
14 experiment treatments were randomly distributed. The size etpleeiment plots
was 4 M (2.0 m x 2.0 m). The intervals between the plots were 0.75 m, and blocks
were placed with 2 m intervals. In each plot, the intervals between [deest were
0.50 m and the intervals between plants in the same line were 0.Btbreath plot,
25 plants were planted. In order to avoid the effect of neighboring plots, only 9 plants
in the middle row were harvested. The detail of one of the experimental plot is shown
in Figure 1.

20m >
++ + + + A
+ + + + +
+ + + + + 2.0m
+ + + + +
+ + + + +
v

Fig. 1. The detail of a plot

Fourteen different irrigation treatments were formed depending on full or def-
icit irrigation applications in the periods of vegetative, flowering, yield foronadind
ripening. In the deficit irrigated plots, F0-25% of the water necessary to increase
the available/ existing moisture to the field capacity was given, while in the fully
irrigated plots, all of this water was applied. According to this, irrigatieatments
were formed like this: M)(FlooYlodqloo, V75FYR, VsoFYR, V25FYR, V|_75YR,
VFsoYR, VFYR, VFY75R, VFYs0R, VFY25R, VFYRys, VFYRso VFYR2s5 VoFoY 0Ro
(Table 2.).
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Table 2.Experimental treatments

Irrigation Growth Stages
treatments Vegetative Flowering Yield Formation Ripening
E100V100Y100R1
+ + + +
00
+ %25 Water Defi
V75FYR ) + + +
cit
+ %50 Water Defi
V50FYR ) + + +
cit
+ %75 Water Defi
V25FYR ) + + +
cit
+ %25 Water Defi:
VF75YR + ) + +
cit
+ %50 Water Defi:
VF50YR + ) + +
cit
+ %75 Water Defi:
VF25YR + i + +
cit
+ %25 Water Defi
VFY75R + + ) +
cit
+ %50 Water Defi:
VFY50R + + )
cit
+ %75 Water Defi
VFY25R + + ) +
cit
+ %25 Water Defi:
VFYR75 + + + )
cit
+ %50 Water Defi
VFYR50 + + + _
cit
+ %75 Water Defi
VFYR25 + + +

cit

VOFOYORO - - -

+: Water application in the specified periedyVithout irrigation
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In the trial, the plants were irrigated drip irrigation method and water was pro-
vided from an irrigation well. The specific features of the irrigation water utilized in
the study are given ifable 3. The water has lesodium risk, has a medium EC
and is in GS; class. In growth periods of plant, the damp contains of the soil was
followed before and after irrigation with a gravimetric method in every 30 cm till 120
cm depth.

Table 3.Specific properties of water used in the trial

Na* K* ca*  Mg*
water e (10)
Source (me LY PH Class SAR
Deep well 715 2.3 2.56 9.25 5.7 7.12 CSy 0.85

ET, was calculated by meanswediter balance equatigiq. 1)(Howell et al.,
1995

ET=1+ P-R¢- D,NDS (1)

Where, ET represents the evapotranspiration, | shows the irrigation water
(mm), P is the precipitation,:s the surface flow (mm), s deep drainage (mm)
andDS is the between two sailater changing in effective root depth (mm/90 cm).
Before planting seedlings, water was used to the pea with the drip irrigation method.
Total precipitation (P) and surface flows[Rvas omitted and the soil moisture be-
tween the depths of 90 to 120 cm o€ ts0il is accepted as

the deep drainage (P However, during the growing period, soil moisture
changes between 90 and 120 cm were not followed and the deep drainage was ac-
cepted as fA00. In this trial, t heher el ati onsh
Steward Model (Eq.2)Stewart et al. 1975; Doorenbos and Kassam 1979 he
equation can be showed as;

Yao )& ETao

9 Ym— ETm—

Where Yn (t/ha) and ¥ (t/ha) are maximal and real yield, respectivelynET
(mm) and ET(mm) are maximal angkal evapotranspiration, respectively. The yield
response factor is shown as MVUE values were determined to assess irrigation
efficiency in treatments. WUE and IWUE terms refer to contribution of irrigation
water to effective use of plant productiongga Bos, 1980. The ratio of yield

(2)
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(YLD) to ET.expressed as WUE and it is demonstrated as WUE=Y LIKgINT).
IWUE was predicted by the following equation;
_YLD- YLD

IWUE(tha*) = oA 3

Where YLDis yield and YLDainted iS the yield found from the rainfed treat-
ment, IRGA is the seasonal water amount (mm). The damp content of the soil till 90
cm depth was calculated before the seedlings were planted into the soil. Irrigation
levels of all treatments were completed in kel of field capacity. In 2007 and
2008 years, irrigations were started on 01 April 2007 and on 04 April 2008 and irri-
gation was done every 7 days. The irrigation water for the four growth stages are
given in Table 4.

Product efficiency and quality paneters are evaluated. Variance analysis
was done with the values of product productivity and productivity components by
using MSTAT-C and MINITAB software $teel and Torrie, 1980.

RESULTS

In the experimental years, maximum irrigation water vedgained in
E100V100Y 100R100 treatment as 524 536 mm and minimum irrigation water was ob-
tained in BV oY oRotreatment as D 0 mm respectively. Seasonal water consumption
of the pea (EJ) increased with the rise in the amount of the applied irrigatioarwat
In E100V100Y 10dR100and BVoY oRo treatments, it was calculated as 20095 mm in
the first year and as 190802 mm in the second year respectively. The amounts of
the applied irrigation water and yield values are given in Table 6.

Linear relationship between EJwith Y, and IW with Y, were observed for
2007 year. The relationship equation is as follovys; 0.026 ET_ 1 6.6205 withR’

=0.84 andy, = 0.0135W + 0.1876 withR* =0.95 (Fig 2 and Fig 3 ). Linear relation-
ships between ETwith (Ya), and IW with Y, were observed for 2008 year. The re-
lationship equation is as follow¥, = 0.0284T_1 7.9413 withR® =0.83 andY; =

0.01368W + 0.1951 withR? =0.95 (Fig 3 and Fig 4).
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Table 4.The irrigation water applied for the four growth stages

Irrigation Water (mm)

Konular Vegetative Flowering Yield Formation Ripening Total
2007 | 2008 2007 | 2008 2007 [ 2008 2007 [ 2008 2007 [ 2008
VioFio0Y1oR00 1100 1100 1300 1200 1100 1100 1140 1180 4640 4580
V7sFYR 825 825 1300 1200 1100 1100 1140 1180 4215 4305
Vs0FYR 55,0 55,0 1300 1200 1100 1100 1140 1180 4090 4030
V2sFYR 275 275 1300 1200 1100 1100 1140 1180 3815 3755
VF7sYR 1100 1100 975 90,0 1100 1100 1140 1180 4315 4280
VFs0YR 1100 1100 65,0 60,0 1100 1100 1140 1180 3990 3980
VF2sYR 1100 1100 25 300 1100 1100 1140 1180 3665 3680
VFY75R 1100 1100 1300 1200 825 825 1140 1180 4365 4305
VFYsR 1100 1100 1300 1200 550 550 1140 1180 4090 4030
VFY25R 1100 1100 1300 1200 275 275 1140 1180 3815 3755
VFYR75 1100 1100 1300 1200 1100 1100 855 585 4355 3985
VFYRso 1100 1100 1300 1200 1100 1100 570 590 2070 3990
VFYR25 1100 1100 1300 1200 1100 1100 25 295 3785 3695
VoFoYoRo 00 00 00 00 00 00 00 00 00 00

Crop evapotranspiration for the different growth stages according to the treat-
ments are given in Table 5.

Table 5.Crop evapotranspiration for the different growth stages

Crop Evapotranspiration (mm)
Konular Vegetative Flowering Yield Formation Ripening Total

2007 | 2008 2007 [ 2008 2007 [ 2008 2007 | 2008 2007 | 2008

Vi00FiooY 10100 120 130 160 164 140 148 100 100 520 542
V7sFYR 85 110 150 156 136 144 89 97 460 507
VsoFYR 80 9% 150 153 133 142 9% 9% 457 484
VasFYR 60 65 147 149 130 132 91 %3 428 439
VFsYR 118 115 126 124 129 129 82 80 455 448
VFs0YR 115 12 118 128 134 128 83 7 450 445
VF2sYR 114 110 114 116 132 132 90 85 450 a3
VFY7R 115 114 148 152 124 120 85 84 a2 470
VFYsiR 113 13 144 150 116 112 84 81 457 456
VFY2:R 110 110 149 147 86 92 82 80 427 429
VFYR7s 17 116 150 150 133 136 90 88 490 490
VFYRs0 115 114 147 148 130 134 7 1 466 468
VFYR25 114 13 143 144 130 131 56 60 “3 a8
VoFoYoRo 50 60 90 100 80 90 60 70 280 320

According to the research results, irrigation applications significantly affected
the yield (Fig. 2 and Fig. 3), and when they were evaluated as the values of both of
the years, the highegalues of yield for 2008 and 2008 years were obtained as 6.22
t hal and 6.18 t hafrom Vi00F100Y 10dR100 treatment, respectively (Table 7 and Table
8).

When the full irrigation treatment was compared with the deficit irrigation
treatments, yield drops/losses were measured as 1.1%, 2.0%, 4.7%, 5.4%, 7.2%,
8.2%, 8.2%, 10.3%, 10.3%, 12.1%, 12.7%, 38.2% and 6120.0% in 2007 and 1.3%,
3.0%, 3.9%, 4.8%, 5.6%, 8%, 8.0%, 8.8%, 10.8%, 11.8%, 18.9%, 36.1% and
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6080.0% in 2008. In the study, it was found out that that deficit irrigation has a sig-
nificant effect on yield and quality parameters at P<0.05 level.

While a positive linear relationship was found betweenatheunt of irriga-
tion water and the yield, pod width, pod length, number of seeds per pod, 100 seed
weight; a negative linear relationship was found between the amount of irrigation
water and dry matter ratidccording to the relationship, these resulerevfound:
pod width (2007)=0.0033IW + 0.354, R=0.91 ancpbod width (2008)=0.0033IW
+ 0.5685, R=0.91 (Fig. 4.a.); pod length (2007)= 0.0198IW + 3.4244=R.90
and pod length (2008)= 0.0195 + 3.732%4 R.90 (Fig. 4.b).

Table 6. Relationship beveen the decrease in water use in yield and yield
response factor for pea irrigated by a drip system in 2007 and 2008 years

Irrigation Yield (t ha) Water
Treatment (mm) ETa (mm) ETa/ETm Ya/Ym  1-(ETa/Etm] 1-(Ya/Ym) ky ky
V/100F100Y100R100 6,22 464,0 520,00 1,000 1,000 0,000 0,000 0,000
VrsFR 6,15 421,5 460,0 0,885 0,989 0,115 0,011 0,098
Vs0FYR 5,90 409,0 457,0 0,879 0,949 0,121 0,051 0,425 0,316
V2sFYR 5,75 3815 428,0 0,823 0,924 0,177 0,076 0,427
VRsYR 5,55 4315 455,0 0,875 0,892 0,125 0,108 0,862
VEoYR 5,52 399,0 450,0 0,865 0,887 0,135 0,113 0,836 1,251
VREsYR 4,50 366,5 450,0 0,865 0,723 0,135 0,277 2,054
VFYsR 5,75 436,5 472,0 0,908 0,924 0,092 0,076 0,819
VFY¥oR 5,64 409,0 457,0 0,879 0,907 0,121 0,093 0,770 0,703
VFYsR 5,64 381,5 427,0 0,821 0,907 0,179 0,093 0,521
VFYRs 6,10 4355 490,0 0,942 0,981 0,058 0,019 0,334
VFYB 5,94 407,0 466,0 0,896 0,955 0,104 0,045 0,433 0,408
VFYR25 5,80 378,5 443,0 0,852 0,932 0,148 0,068 0,456
VoFoYoR 0,10 0,0 280,0 0,538 0,016 0,462 0,984 2,132 2,132
" 0962
Irrigation Yield (tha?) Water |
Treatment (mm) ETa (mm) ETa/ETm Ya/lYm 1-(ETa/Etm 1-(Ya/Ym) ky ky
\/100F100Y100RL00 6,18 458,0 542 1,000 1,000 0,000 0,000 0,000 0,000
V7sFR 6,10 430,5 507 0,935 0,987 0,065 0,013 0,200
V50FYR 5,90 403,0 484 0,893 0,955 0,107 0,045 0,423
V2sFYR 5,20 375,5 439 0,810 0,841 0,190 0,159 0,834 0,486
VEsYR 5,58 428,0 464 0,856 0,903 0,144 0,097 0,675
VEoYR 5,53 398,0 457 0,843 0,895 0,157 0,105 0,671
VEsYR 4,54 368,0 455 0,839 0,735 0,161 0,265 1,653 1,000
VFYsR 5,80 430,5 490 0,904 0,939 0,096 0,061 0,641
VFY¥oR 5,72 403,0 486 0,897 0,926 0,103 0,074 0,720
VFYsR 5,68 375,5 483 0,891 0,919 0,109 0,081 0,743 0,702
VFYRs 6,00 398,5 490 0,904 0,971 0,096 0,029 0,304
VFYR 5,95 399,0 468 0,904 0,963 0,096 0,037 0,388
VFYR25 5,80 369,5 448 0,827 0,939 0,173 0,061 0,355 0,349
VoFoYoR 0,10 0,0 320 0,590 0,016 0,410 0,984 2,402 2,402
0,977
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Figure 2. The relationship between Cibfater Consumption and Yield
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Figure 3. The relationship betwekrigation Water and Yield

Number of seeds per pod (200096108IW + 3.9179, R= 0.94 and number
of seeds per po@008)=0.0118IW + 3.5651, R= 0.91 (Fig. 4.c.); 100 seed weight
(2007)= 0.0459IW + 6.1147,°R 0.91 and 100 seed weight (2008)= 0.0464IW +
6.0208, R= 0.91(Fig. 4.d.); dry matter ratio (20079.016IW + 16.719, R= 0.90
and dry matter ratio (2008)6.0162IW + 16.852, R 0.91 (Fg. 4.e.).
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Table 7.Effects of irrigation treatments on pea parameters in 2007 year

2007
Irrigation Yield (t hat) Pod Width Number of Seed! 100 Seed Weigh
Treatment (cm) Pod Length (c Per Pod (%) Dry Matter (%)
V100F100Y100RL00 6.22a 20a 13.3a 95a 30.8a 7.7f
V7sFYR 6.15a 20a 12.8ab 8.8b 26.5b 10.0de
V50FYR 5.90 abc 1.8 abc 12.4 abc 8.5bc 26.2b 10.0 de
V2s5FYR 5.75 cd 1.6 bed 12.0 bed 8.2 bed 24.7 cd 10.5 bed
VF5YR 5.55d 1.6 bed 10.6 fgh 8.0 cde 22.8e 10.8 bed
VEoYR 5.52d 1.5cd 10.3gh 7.7de 22.2 ef 11.0bc
VEsYR 450e 14d 9.8h 75e 21.1f 11.4b
VFY5R 5.75 cd 19ab 11.8 cde 8.5hc 25.6 bc 10.0 de
VFY¥oR 5.64 cd 1.8 abc 11.4 def 8.4 bc 25.3 bed 10.3 cde
VFYsR 5.64 cd 1.6 bed 11.0 efg 8.2 bcd 24.1d 10.5 bed
VFYRs 6.10 ab 1.8 abc 12.0 bed 8.7b 26.0b 9.4e
VFYR 5.94 abc 1.7 abcd 11.7 cde 8.5 bc 25.7bc 10.0 de
VFYR25 5.80 bed 1.6 bed 11.0 efg 8.0 cde 225e 10.7 bed
VoFoYoRo 0.10 04e odp P 4.0f 6.6 9 16.5a
Treatments * * * * * *
Blocks is is is is is is

** means correlation is significant at the 0.005 level. is showssigmificant correlation.

Table 8.Effects of irrigation treatments on pea parameters in 2008

2008
Irrigation Yield (t ha') Number of Seeds 100 Seed
Treatment Pod Width (cm) Pod Length (cm) Per Pod Weight (%) Dry Matter (%)
ViooFio0Yio0Ri00  6.18a 2.2a 13.2a 9.4a 30.5a 8.2f
V75FYR 6.10 ab 2.2a 12.7 ab 8.7 bc 26.3b 10.2 de
V50FYR 5.90 cd 1.9bc 12.2bc 8.5 bed 25.9bc 10.1de
V25FYR p®Hn P 19bc 11.8 cde 8.0 def 24.8bc 10.4 cde
VFE5YR 5.58 gh 1.8 bed 10.8 gh 7.8 efg 23.0de 10.7 bed
VEoYR 5.53 h 1.7cd mndp KP 75fg 22.7e 11.2 bc
VRsYR 4.54] 1.6d mnén P 7.39 2l4e 11.4b
VFYsR 5.80 def 2.0ab 11.5 def 8.6 bed 25.7 bc 10.4 cde
VFY¥oR 5.72 efg 1.9bc 11.2 efg 8.5 bed 24.4cd 10.6 bed
VFY¥sR 5.68 fgh 1.8 bcd 11.0fgh 8.2 bcde 23.0de 10.8 bed
VFYRs 6.00 bc 1.9bc 12.2 bc 8.8ab 26.2b 9.7e
VFYR 5.95 bed 1.9bc 11.9 cd 8.5 bcd 25.5bc 10.1de
VFYR25 5.85 cde 1.8 bed 11.6 cdef 8.1 cdef 215e 10.5 cde
VoFoYoRo 0.10 k 0.6e 3.7] 3.6h 6.5f 16.8a
Treatments * * * * * *
Blocks is is is is is is

** means correlation is significant at the 0.005 level. ns showssignificant correlation.
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Figure 4. Relationship between applied of irrigation water and pod width, pod
length, number of sels per pod, 100 seed weight and dry matter ratio.
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Crop yield response factor ()

Crop yield response factor (ky), demonstrates a linear relationship between
relative crop evapotranspiration and relative yield decrease. It shovesgonse of
the yield to the relative crop evapotranspiration. In other words, it explains the drops
in the yield as a result of each level of deficiency in water consumption. Seasonal
crop yield response factors (ky) were calculated as 0.96 (2007 ydad)%h(2008
year) (fig.5). With the rise in the water deficiency, ky value increased. This result is
found a bit low in terms of seasonal crop yield response factors in the individual
growth periods of the plants, while it is consistent with the crog yesponse factors
in the individual growth / development periods given in literature. The difference
between these two results may be attributed to the differences between the experi-
mental, climatic and soil conditions.
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Figure 5. The relationship betweerelative yield decrease and relative eva-
potranspiration deficit for the experimental years.
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Water use efficiencies

The average WUE and IWUE values of the experimental years, when the study
was conducted, were found different depending ortréegments (Table 10). The
WUE values were found as 0.013, 0.013, 000,812, 0.013, 0.013 kg.mhn 2007
year and 0.012, 0.012, 0.01®,012, 0.013, 0.013 kg.mhin 2008, IWUE values
were found as 0.014, 0.014, 0.016.014, 0.015, 0.015 kg.mhin 2007 year and
0.014, 0.015, 0.0140.015, 0.016, 0.016 kg.mhin 2008 year for the treatments of
vegetative and ripening periods, respectively. When WUE and IWUE values were

58



WaterYield Relationships in Deficitrrigated Pea in Greenhouse Condition

taken into consideration, the highest WUE and IWUE values were found in vegeta-
tive and ripening periods and the lowest value was obtained from flowering and yield
formation periods. In other words, the highest yield was obtained and the most water
was saved with deficit irrigation only in the vegetative and ripening periods of the
pea.

Table 10.Total water use efficiency (WUE) and irrigation water use efficiency
(IWUE) values for the pea irrigated by a drip irrigation at different irrigation treat-
ments.

2007 year 2008 year
Irrigation vield (t hat) IWUE Irrigation vield (t h&)
Treatment WUE (kg/m)  (kg/m®) Treatment WUE (kg/n) IWUE (kg/r)
V1o00F100Y100R100 6,22 0,012 0,013 V100F100Y100R100 6,18 0,011 0,013
V75FYR 6,15 0,013 0,014 V75FYR 6,10 0,012 0,014
Vs0FYR 5,90 0,013 0,014 Vs0FYR 5,90 0,012 0,015
V25FYR 5,75 0,013 0,015 V25FYR 5,20 0,012 0,014
VFEs5YR 5,55 0,012 0,013 VFEs5YR 5,58 0,012 0,013
VFoYR 5,52 0,012 0,014 VFoYR 5,53 0,012 0,014
VEsYR 4,50 0,010 0,012 VPEsYR 4,54 0,010 0,012
VFYsR 5,75 0,012 0,013 VFYsR 5,80 0,012 0,013
VF¥oR 5,64 0,012 0,014 VFY¥oR 5,72 0,012 0,014
VFY¥sR 5,64 0,013 0,015 VFY¥sR 5,68 0,012 0,015
VFYRs 6,10 0,012 0,014 VFYRs 6,00 0,012 0,015
VFYB 5,94 0,013 0,015 VFYB 5,95 0,013 0,015
VFYR25 5,80 0,013 0,015 VFYR25 5,85 0,013 0,016
VoFoYoRb 0,10 0,000 0,000 VoFoYoRo 0,10 0,000 0,000
DISCUSSION

In this study, irrigation treatments significantly affected yield, pod length and
width of pea pod, number of seeds per pod, 100 seed weight and dry matter ratio.
Water requirements of pea are similar to been 350 to 5000norénbos and Kas-
sam 1979. Knott (1999)reported the total of precipitation and water use values for
the pea varied from 347 to 389 mm in Nottinghamslyan et al. (2002yeported
that water consumptive use (WCU) of cowpea was greater than that of pea and amo-
unted to 0.426, 0.532 a®d639 n¥/m? for cowpea and 0.101, 0.127 and 0.152m
for pea.Jackson et al. (2005)eported that the total water (precipitation and irriga-
tion) of pea in Conrad (USA) ranged between 2581 mm Benjamin and Nielsen
(2006)determined that applied water of pea ranged between 8352 mmD ¢ z d e -
mir et al. (2009)stated thaplant water consumptions were 19.0, 18.8, 15.5 and 12.4
liter pot! for I4, I and k treatments, respectivelp.oJ an et smetifiedt{a2 01 5)
theanrual precipitation was about 200 mm in first year and 275 mm in the second
year. In addition, the full irrigation treatment plot received 235 and 195 mm irrigation
water in respective year8yas (2017)found that irrigation water applied to crops
ranged bween 70 and 464 mm, and crop water consumption ranged between 95 and
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480 mm in Bursa province of TurkeVhese results are notably in accordance with

the irrigation water amounts and crop water consumption values obtained from pre-

vious studiegDoorenbosand Kassam 1979; Jackson et al. 2005; Benjamin and

Ni el sen 2006; D¢zdemir et al. 2009; Dojan et
2017).

The pea yield for 2007 and 2008 years ranged betweerd6l22and 6.18
0.10 t ha, respectivelyThe highest yields for 2007 and 2008 years were obtained
from theViodF100Y 100R100treatment as 6.28.18 t ha and the minimum yields were
obtained from the/oFoYoRo treatment as 0.1 t FaBased on to the results of this
study, a significant effect afeficit irrigation was observed on total yieMeld was
considerably lowered as the amount of irrigation water decreased. The rates of re-
duction in relative yield were fourab 1.1%, 2.0%, 4.7%, 5.4%, 7.2%, 8.2%, 8.2%,
10.3%, 10.3%, 12.1%, 12.7%, 38.2%da6120.0% in 2007 year and 1.3%, 3.0%,
3.9%, 4.8%, 5.6%, 6.6%, 8.0%, 8.8%, 10.8%, 11.8%, 18.9%, 36.1% and 6080.0% in
2008 year.The non irrigated treatmenY ¢FoY oRo) produced 6120.0 and 6080 %
lower yield than th&/100F100Y 100R100treatmentThis result is in agreement with those
of (Stoker 1972, Door enbos and Kassam 1979; Byan et a
2013; Dojan et al. 2015; Ayas 2017) .

Quality parameters such ascwidth, length, number of seeds per pod, 100
seed weight and dry matter have produced a similar response to deficit irrigation as
observed at yield. As expected, all irrigation treatments had higher values than the
nonwatered YoFoYoRo) treatment. These values are similar to those of previous
studies §toker 1972;Doorenbos and Kassam 197%irich et al. 2014, Singh and
Laura 2014; DoDamjnanetetalal .2 DX@BERY1idRiby as 2017
treatments have higher pod width, lengthmber of seeds per pod and 100 seed
weight than the other treatments. The lowest dry matters were found at
V1wF100Y 100R100 treatments when the highest values were observadRl oRo
treatments in every two years of the study.

The maximum WUE and IWUE values in vegetative and ripening periods for
2007 year were found as 0.013, 0.013, 0i00312, 0.013, 0.013 and 0.014, 0.014,
0.0157 0.014, 0.015, 0.015. The maximum WUE and IWUE values in vegetative
and ripening periods foi@®8 year found as 0.012, 0.012, 0.018012, 0.013, 0.013
and 0.014, 0.015, 0.0140.015, 0.015, 0.016, respective}UE and IWUE values
in the vegetative and ripenirgeriods were higher than in the flowering and yield
formation periods in 2007 and @® yearsWe may conclude that significant in-
creases in dry matter may be experienced by the increasing level of irrigation water
deficit. These results are in agreement withthosBgf@én et al . 2002; D¢zde
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al . 20009; Do Pai aat20lk;Agak 209y1P&g variety choice,

climate, soil structure and effective use of water also affect these values. As explained

by Davis et al. (2008)it may be attributed to the variety and applied cultural prac-

tices handling under different climate agdographical conditions. Crop yield re-

sponse factors {kfor 2007 and 2008 year were calculated as 0.96 and 0.98 for pea,
respectively. The specified values gf(R.96-0.98) which is equal and lesser than

1.00 shows that pea is susceptible to the w&tep yield response factor,jkalso

coincides with the values found by researchers who studied on similar issues
(Doorenbos and Kassam, 1978y an et al . 200 2; D¢gzdemir et
etal.2913;Doj an et al . 2015; Ayas 2017).

CONCLUSIONS

In this study, it was found out that irrigation applications significantly affects
yield, pod width, pod length, number of seeds per pod, 100 seed weight and dry mat-
ter ratio. As the average of the experimental years, the highest yield was 6.20 t h
and itwas obtained in Md 100 100R100 treatment. The lowest yield was obtained as
0.10 t htin VoRoYoRo treatment. Yield dropped significantly as a result of the de-
crease in the irrigation water. Relative yield decreases in the irrigation treatments in
2007 and 2008 years were 1.1%, 2.0%, 4.7%, 5.4%, 7.2%, 8.2%, 8.2%, 10.3%,
10.3%, 12.1%, 12.7%, 38.2%, 6120.0% and 1.3%, 3.0%, 3.9%, 4.8%, 5.6%, 6.6%,
8.0%, 8.8%, 10.8%, 11.8%, 18.9%, 36.1%, 6080.0%, respectively. WUE and IWUE
values of vegetative and ripeningripds were the highest of all the treatments. When
there was water deficiency, the most suitable periods were vegetative and ripening
periods, in which deficit irrigation were applied as the water application level only
in vegetative and ripening perioddth drip irrigation.
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ORD U K¥DE KARAYOLU TRAF KJ KNDEN
KAYNAKLANAN EM KSYON ENVANTERKNKN

BELKRLENMESK
Dr . ¥J]r. I YAYAi G°ksel K
Ordu | niversitesi
¥zetSon yeéllarda n¢f us asratyéeekseeyn daa kbii raritkétke mo

ve buna baj é olarak meydana gelen kirletici

I

hava kalitesi czerinde artan bir baskeé ol uktur
zamanl arda meydana gelen sel felaketl eri ve h
rindeek i s i ol duju deéegkegnegl mektedir. Bu nedenl e Or
dan kaynakl & kirletici emi syonl arénén belirler
-al ékmada 2017 yéeléenda Ordu ili genelinde t atk
gahta seyir armnlkaydYyrerk!| anaetémirsyon miktarl ar é
t°r¢, takét sayésé ve yol uzunluju kull aneéel ar ¢
leri, CORI NAIR emisyon faktorg¢ ver.i tabanéndar
takét sénéfé, yakéet t¢ng)] opmsbgengstandyggda v
olarak se-ilmiktir. Takeét sayélaré ve yol uzun
kanl ejé& Karayollarée Genel M¢ederl ¢ ¢bnegn yayeén
Hacim Haritasé verilerinden alenm Kt er Emi sy
dilikullané I ar ak 5 ki r kL&O®G, EMveS® i my(r@O,ayM@ hesap-
l anméekt ér . Sonu-lar 2017 yeéelénda Ordu il gene
g¢zergahtan atmosfere salénan kikrl etici mi ktar
i-in 1305, 8 tothon,VORCM ii--iinny;il5241n812t dld v e®nSO
ol duj unu g°stermekted|r. Rt onebi lcli éer COj - VOC,
séraseéeyla %58, 9, %55,9, %39, 8 ve %65,1 dejerl e
NOxemi syonu i -in en b¢yéik kiateéici Akmgea] & %69
fere salénan t¢m kirleticiler i-inde kamyonl ar
Bunu séraséyla %41 ile otomobiller, %4, 01 il e
ticari takeétlar takip etmektedir.

Anahtar Kelimeler: Tr af i k e mi sy o nhvanteg , emi syon e

EMEP/CORINAIR, MATLAB, Ordu

Determination of the Emisson Inventory From Road Transport in
the Provinceof Ordu

Abstract: The increase in the number of motor vehicles in recent years
in parallel with the increase in population and the related pollutant emissions
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have started to form an increasing pressure on the air quality in the city center
of Ordu in Turkey. It is believethat this pressure has had an influence on the
flood disasters and noticeable climate change that happened recently. This is
why it has become a necessity to determine the pollutant emissions caused by
motor vehicles in the province of Ordu. This studyedmined the emission
rates that are caused by moving vehicles at 15 different routes where vehicles
were counted in the general province of Ordu in 2017 by utilizing data on emis-
sion factors, vehicle counts and route length. The emission factors were se-
lected suitably from the CORINAIR emission factor database in the form of
velocity-related equations as vehicle class, type of fuel, emission standard and
engine technology. The numbers of vehicles and route lengths were obtained
from the data of the Stateighways Traffic Volume Map published by the
General Directorate of Highways of the Turkish Ministry of Transportation and
Infrastructure. Emissions were calculated separately for 5 pollutants (CQ, NO
VOC, PM and Sg@) by using the MATLAB programming langge. The results
showed that the amounts of pollutants released to the atmosphere at the 15 dif-
ferent routes where vehicle counts were made in the general province of Ordu
in the year 2017 as 1113.9 tons for CO, 1305.8 tons faor, WZ1.1 tons for

VOC, 548 tons for PM and 2.15 tons for @@®assenger cars had the highest
share for the pollutants CO, VOC, PM and,$€xpectively as 58.9%, 55.9%,
39.8% and 65.1%. For the N@mission, the largest source of pollutants were
trucks by 69.3%. Among all the polants that were released to the atmosphere,
trucks had the largest share by 51.7%. These were followed by automobiles by
41%, busses by 4.01% and lighity vehicles by 3.3%.

Keywords: Traffic emissions, emission inventory, EMEP/CORINAIR,
MATLAB, Ordu
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Ordu Klinde Karayolu TrafijJjinden Kaynakl anan Emi sy

kirlilijine neden olan emisyonlar azalteéel mécx
bir késmé ho©l © Avrupa hava kalitesi standart
laréna maruz kal maktadér ve motorlu takeéetlard
| éca nedenlP¥%Gi¢imd ey zdier ikdirrl.eti ci emi syonl ar én
rupa birlifji ¢l kel erinde Hava Kalitesi Y°net
makt®ddé&remi zde de AB mevzuaténa uyum sg¢ireci -
| aré konusunda AB ¢l kel erinde yayéemlanan mev
baren uygul anmaya bakl anméxkt ér

Hava kirlilijinin sénér °tesi yapésé ve o
gereken kg¢gresel bir sorun haline gel mesi, em
cut emisyonlarén tanémlPPEminmays@En iertv ayratceernie, dso§r
belirl enmik herhangi bir b°l gede, hava Kkirle
] énadtamosf ere verilen kirleticilerin |listesi,
deki paylaréné g°sterentiiitleridtear oil maelke rnt dainjé
emi syon envanterl eri hazéerl anérken genel |l ikl
rayolunay oJ unl akél dejé, se-ilen karayollare ¢zer
yém ci hazlaré veya kamera sistemi il e yapeéeld
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faktorl eri ile belirlendiji ve °zel daj et ém
dakiatmo6 er i k daj él ém hesapl &#P8nén yapéldejé geoor

K-ten yanmalé motorl ardan atmosfere sal én
€sénmaséna kadar ge-en s¢rede ateélan emisyon
egzoz emisyonlarékee Kepbguatdandegmkeeéegwabuh:
ol ukan emisyonlar ol art™Motoéandaaf ltaxdar malk am¢ rkla
kirleticilerin b¢gyeéegk -ojunlujunu olukturan e
ol arak yanmaméx hi dr o kokarbbntan(H@),rkarborknr@os men y an mé
noksit (CO), azot oksitler (NQ , k¢kert) ,dikwkrsiun (BSIA exki kl eri v
madde (PMy) say%®M abilir

Bu -al eékmada, 2017 yélenda Ordu il:9 genel
kanl é]é& Karayol | arfé& n@eme It aMg£d ¢ rslagyjégnét ayrap €1 a
gahta seyir halindeki takétlardan kaynakl anae
takét sayésé ve yol uzunluju kullaneél arak he
NAI R emisyon fakt°r¢, Taekeét tabp@leadan pel i Umi
hez bilgileri T. C. Ul akt érma Bakanl ejé Kar ay
i-in yayénl adéjé Devlet Yollarée Trafik Hacin
yonl ar MATLAB progr aml ama (GDiNQ,VOCWPMI aneél ar ak
veSQ) ayreé ayré hesaplanméktér. ¢al @ékma kapsal
masé ile termostat a-él déktan sonr aki S¢r ¢ Kt
mék, termostatén a-él mayasbphpwkaeeamja&dyanhakadua
buharl akma yolu ile ortaya -ékan emisyonl ar
méKkKt ér Ayréca Karayoll aré Genel Mederl ¢ ¢ ot
dejéndan bu tip ara-1lardan kaynakl & emisyonl
12 Giovanni Lonati Michele Giugliane Paola ButelliLaura RomeleRugger o Tar di vo, iMaj or C
mical Components of PMi n  Mi | a Atmé¢sphere Enyilorimen€.39, 2005, s.1927.

BDeb Niemeier, fAThe Kmpact Of Kn@unpiogrStabiizedg Spati al ,
Mobi |l e Emi ss i Atmasphétio Eneinonment.87¢2008,,s.28.
4 Salvatore SajpDani el a Romano, AA methodology for the estimat|

in ur ban aAtmoapherioBEnvironment.36,0002, s.5378.

15 Metin ErgenemanMehmet Mutld Ak & n  KHikimét Arslan,T a K & t Egzozundan Kaynakl ai
Kirleticiler, Bi rsen Yayénevi, Kstanbul 1998, s. 5.

16 Dragan AdamovicJovan Dorie Mirjana Vojinovic Miloradov Savka AdamovicSabolc Paglelena

RadonieMaj a Tur k Sekul i c, AfThe Emission Of BTEX Compound:
Car Kn Accor da n cSeienddiot the Tofah EnvirbhEn@BX589, 2018, s.340.

17 John N. SeinfeldSpyros N. PandiAtmospheric Chemistry and Physics: From Air Btdin to Cli-

mate ChangeWiley, NY 2006, s. 411.
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Ordu Klinde Karayolu TrafijJjinden Kaynakl anan Emi sy
Materyal ve Metod
¢al ekxkma Al ane
Ordu KI i, kuzeyden Karadeniz, dojudan Gir ¢
batédan Samsun il |l eri i dvee -5e0v0r imeitdrier .r aYk¢eznPél -
il de yerye¢ze¢e kekill eri f arak 128011a3k ngaek téa dPénre.ml Or
d°n¢gm noktasédér KI , 22.03.2013 tarih ve 28
6447 sayéelé AOon | - Klde B¢yeéekkehir Bel ediyes
Kanun ve Kanun H¢¢km¢gnde Karar n&anendaer de Dej i K
Dejikiklik Yapél masé Hakkénda Kanundéd il e by
30. B¢yéekkehiroi olup Alténordu, Akkuk, Ayba
Gol k°ovy, G¢lyal e, G¢e¢rgent epe, Kki zce, Kabadygz
Pe Kk e mb e, Ulubey ve | nye olmak ¢zere 19 il -eo
yer alan mahalle $rykbcE Lédet OptHami Fe6bdbdéeco]
ve yol ajé bilgileri g°r ¢l mektedir
DY L.
A savmezar _. ORDU &
s GA — % & GIRESUN
- ga._':P'iz i S, -
»; ;rKAB;:‘;ﬂ/Z 5 BULAN(.‘AK‘QH
: N\ “ b;ééuowg = ".,
P s0ce erJs 'A,l, :‘DEOYULHIS.-\R
)} TOKAT
kekil 1. Ordu ili cojrafi konumu ve
8T, C. tevre ve k®OhiduciKliik 2Balk7anYef e httg:/avebor e Dur um Rap

dosya.csh.gov.tr/db/ced/icerikler/sé&017-orduil --cevredurumraporu20180806100518.pdf 2017,

s.1.
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G° ksel KAYA

TakSéaty eml ar &

¢tal ékma kapsaménda Karayoll aré Genel M¢ d ¢
pelan 15 ayré karayolu dikkate al énméexteér. B
bakéméndan kentin hava kalitesini direkt ol a
lar € Genel M¢derl ¢ ¢ taraféndan ¥%ull anélan ta

a) Otomati k Takét SéenefRk@ahdeymhésSdwgemBaEBE
tada her mevsim en az 7 g¢n 24 saat sg¢greyl e

l ar kull baal apnakt yapaéefl andérma sayémlar édeéer
rene, 11 sénéefta aks sayéséna ve aks mesaf el

b)Ot omati k Takét S&roafsSIS8ndeéer nvaa nSaewd kl adr®°én g
hazl ar kull aneél arvaek syeanpéefllaann dsésrrneak |iis tsaasyyeomm | a i
genelinde 516 noktada Kkurul muktur. S¢rekl i S
dejikim katsayeéelarée belirlenmekte ve dijer c
el de edilen trafikabGdmlidllrTmami edejedr IOt ian
mesinde kull anél maktadeéer. Takétlar wuzunl ukl a
makta ol up, takét séneflare 5 farkl e grupta
hazl ardan ayné zamandlee ttaxléanmaeEktlaad&m.a ait v

kekil 26de Ordu ili devlet yollaré trafik
noktalar ve °|-¢len veya tahmin edilen taket

BKGM (T.C. Ulaktérma ve Altyapé 2Blalk7a nTrégféei kk awea ywll d vaé& e
Bilgileri, http://www.kgm.gov.tr/SiteCollectionDocuments/KGMdocuments/Istatistikler/TrafikveUla-
simBilgileri/17TrafikUlasimBilgileri.pdf, 2017, s.7.
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Kl Karayolu Trafijinden Kaynakl anan Emi sy
o871
123; 1273 16714
23 B0 e
- 14624 147 *
o e g0a 22041 3 11470 25300 14559
) 1416 173 B 1015 12026
- 2452 =00 450 20 1226
fizee 22202 2139 2527 1400 411
- N 2135 s 1300 au
15977 19533 1803
1198 /Ord&wm-.fﬁuﬁm plGeo2
==1 S Breterieth
- . 192 . Fhreie
— Swsnrmear el 1%515;2 Lol gl
228 i 204 S5F0 8
12 & 562 5‘;’:';
2;3 J— 1?-; 9 :132 10801
2410 = 1472 - - 1:;; 7522
°l|J‘\-| " l’rr-n.".("d-' o
Ao
a8
F. B06 R
105
e T ?é.
....... 14
B35
kekil 2. Devlet yé&llareée trafik hacim
Yéll ek ortal amard¢gnlhgk tbridfgiid eda], erylol uzu
te¢re¢ gibi ayréntélé bilgiler ise ¢izelge 164d
¢izelgel. 2017 yélé Karayoll are 7. B°1l ge
l ama ge¢nl ¢k trafik dejerleri ve héez bilgiler
20 Agh, $.96.
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G° ksel KAYA
( KKNO: Kontrol kesim no, YOGT:? Ye
_ L X =
- N4 s X OH
- - r W
m > X n + ©
O x —— > > -
= < < — m [e) O X
(o] - O x (e} z Z <
»— X ¥ < - 2 20 >
or $ S5
[ - - - - -
- o = = = L= =
o - - - _ _
(@] - > - « - o - « - < - «,
z gl + < 21< g < g1 < 2|« 2
~ = = = = = =
X x 4 4 X
A= N N N N N
N ] —_ - [ T ol T ol T [ T ~ T
N (@] - P > a2 Oz = oz = Oz = oz = oz =
4 Z ¥ |R|l <« |o—-|l0o_| |0 |0 & |O--| & |O-| I
- N4 o =) (%)) = O > o > o > o > o > o
ORDU| 01017| 1 | 9 |OTSS1 14624| 9871 | 103 | 1051 | 98 | 397 | 92 | 1357 | 85 | 1948 | 76
ORDU| 01017 | 2 |26|0TSSd 22041 16714| 85 | 1177 | 76 | 371 | 80 | 1507 | 68 | 2272 | 68
ORDU| 01018 1 | 6 |OTSSd 22292| 17167| 85 | 1226 | 77 | 351 | 83 | 1416 | 71 | 2132 | 70
T! -
ORDU| 01018 2 |27 NE'L 15977 11470| - 173 | - 390 | - | 2139 | - 1805 | -
TAH-
ORDU| 01048 | 3 | 7 | 133154/ 25309| - | 2798 | - 450 | - | 2527 | - 2070 | -
ORDU| 01018 4 |14|0TSSd 19533| 14659| 91 | 1015 | 81 | 329 | 89 | 1400 | 74 | 2130 | 75
ORDU| 01018| 5 | 5 |OTSS1 16882| 12026| 92 | 1226 | 88 | 411 | 90 | 1326 | 81 | 1893 | 74
ORDU| 85001| 1 | 6 |OTSS1 1604 | 1273 | 64 | 179 | 65 1 50 | 147 | 63 4 49
TAH-
ORDU| 85001| 3 |6 | . | 2140 | 1576 | - 228 | - 12 - 242 - 82 -
TAH-
ORDU|85501| 1 |5 | . | 10601| 8647 | - 937 | - 8 - 946 - 63 -
ORDU| 85501| 2 |17|0TSSq 7566 | 6570 | 81 | 562 | 78 8 72 | 387 | 69 39 69
ORDU| 85501 | 3 |27|0TSS1 1634 | 1198 | 57 | 221 | 57 5 46 | 194 | 55 16 46
ORDU| 85501 | 4 |13|OTSS1 1472 | 1085 | 68 | 204 | 64 6 51 | 161 | 61 16 55
ORDU| 85502 | 1 |27|0TSS1 606 | 447 | 46 | 102 | 43 0 - 49 42 8 35
ORDU| 85502 | 2 |23|0OTSS1] 636 | 441 | 41 | 105 | 39 1 30 | 75 35 14 28
2L Agh, 5.97.
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Ordu Klinde Karayolu TrafijJjinden Kaynakl anan Emi sy
Karayoll arée Genel M¢ederl ¢7 ¢ taraféendan tec
l an motor teknolojisi ve yakeéet tg¢gregne ait ve
°nce Kst angbeurl- ekkelnetkit iir-iilnen bir -al ékmada kull
kul | an®T gréekit e adeki ara- sayésénén %1906unu c
T¢rkiye genelini temsil ettifi kabul edil ebi
rilerinde Kstanbul kentii i-in 2017 yeéel énda c
ait dajelmaklitad@&rbulbwnnedenl e bu veriler g¢nc
|l andékl aré yakeéetlara ve te¢grlerine gre dajél
teknolojiye ve te¢grlerine gPre dajéléemé ise ¢
¢izelge 2. Araakatémrlhulvlieandgekleati mey g°°re
Benzin Motorin LPG Toplam
Otomobil 27,2 34,4 384 100
Kamyonet 10,7 89,3 - 100
Mi ni b¢s
KamyonOt o b 6,6 93,4 - 100
¢izelge 3. Ara-larén kullandeéeklarée teknol
—
o
=) o ™ <
L o o o o s
O b T} T} b - N ™ < <
L — — N — ] o] ] o] I
L L L L L x x x x o
o @) @) @) @) ) ) ) ) )
a LIJ | | w | | | m =
Otomobil 1,5 0,7 | 0,6 1,6 9,7 10,1 | 10,6 | 22,2 | 43 100
Kamyonet 0,9 2 0,7 1,6 11 154 | 17,6 | 32,1 | 18,7 | 100
Mi ni bg¢
Kamyon 16 |34 |09 1,3 |43 7,4 | 15,7 | 33,9 | 31,5 100
Ot ob ¢ s
2H¢sng¢-Tkoolcgaa El bir, fABir | niversite Yerlekkesi K-inde K

Kal itesini nH®Bwd i Kil relnimeis]i ioC.2A2083kst4é.r ma
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G° ksel KAYA

Emi syorRkbamphanmasé

Bu -al ékmada emisyon envanterinin hesapl a
todol ojisi temel al énméxter. Bu metodol ojiye
kaynakl anan emisyonlar EkiZtlik 1 yardéeméyl a

Orp 0 &  &xp )

Burada i (kirleticiler): CO, VOC, NQ, SGv e PM, j (taket séneéefl e
tere ve ¢retim yéleée, k (vyoltKilketeiraidya) : kehir i
mi kt ar e (;t oTna/kyeétl¢)s,ayNemay él éha hajT@kseehaféema
yaptéejé kilometre (j: vyl Bmipsy oore fkak ttfarkegE t[ o/
(kirleticiler, takxet sénéflaré, yol sénéfeéna

¢al ekxkmada y¢zl erce farldlaén éd méeskyt e . f aEkti °trl ¢

di zel yakéte kullanan ;Emieyénséa&térqgt 8molkikl
veril mi ktir.

oo ——~°% % )

burada; EF: NQe mi syon fakt°r¢ (g/km), V: Takeét h

Her Kkirletici i-in toplam emisyonlar emis
LAB programlama dilinde yazélan bir program
takét sayélaré, héel meéiveeyolmuemhbybkhaméke
saplamaya ol anak sajlayacak «kKekil de yazél méecx
her hangi bir yere rahatl ékla uygulanabil ecek

Bul gu ve Sonu-1| ar

Takéet Sayemlare

Bu -al ékma kapsam&Kadayold dariégl GegenelMiindge | |
féndan taket sayemé yapélan 15 ©°neml. nokt a

23 EAA (European Environment Agey), EMEP/CORINAIR Emission Inventory Guidebefl07,
2007.
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Ordu Klinde Karayolu TrafijJjinden Kaynakl anan Emi sy

emi syon mi ktarl aré hesaplanmékteéer. Takeét say
yélare kekil 36de g°r ¢l mektedir.
35.000 T T T T T T T T T T T T T T T
30.000
25.000
c
3
%20.000
Un
@
§15.000
Qo
e
10.000
5.000
Tt d £ 3 2 ¥ © oz 2 £ 8 o8 ¥ - w
~ ~ <o) <o) <o) s} 55} - - — - - - ~ N
T T T T T T T £ & S S S S 2 2
o o o o o o o o o ['e} ['e} ['e} v [Io} w0
- - - - - — — 65} 5} 5] ) 0 o) o) o)
o o o o o o o [ee] [ee] [ee] [ee] [ee] o) o) [o°]
kekil $apBape@amcaddel erde yeéell ék ortal ama
Dajél emlar incelendijinde sayém yapeél an ke
seyir halinde ol duju g°r ¢l mektedir. Karadeni

nun daha fazl a ol duwjzd agtraxléme kred ue Ikiepmte mer k
18/ 3 numaral & karayolunda (33154) -sayél mext é
181 numar al & kar aykFodtus a( 2a2r2a9528) n dveelnajrn@ylle®d s ahi |
yolu (22041) takip et méktladiarn. hAawraéad aa n@¢ Inyeale
OrduG¢ | yal @ ar asé@&4d an ubnua ruanlaén kOalrOay ol unda da yo
mektedir (19533).

Sayém yapeélan karayollaréenda takétl arén t
jinde otomobillerin %75,j2u id°%r glnmekatzd dai rd.ajBd
%16,6 ile kamyonl ar, %6, 6 il e orta ye¢kl ¢ tioc
etmektedir.
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G° ksel KAYA

Emisyon Envanteri

¢al eékmada emi syonlar takét sayeéelaré, ortal
yon fakt©°r ¢ sveeriil etna beamiésnydoann f akt °r | er i kul |l a
Emisyonlar karbon monoksit (CO), azot oksitler (NQ u-ucu organi k bile

(vocC), partiik¢lVemihgdHlenrn){ PItMiionk saytr 6 SaOyr € hesapl
Takét sayéme yapdahawkaypmkkar ggebl E&ar €opl am en
¢izelge 406te g°r ¢l mektedir

¢izelge 4. Ordu ilinde takeét sayemée yapél
yéll ek toplam emisyon miktarl ar e
OTOMOBKL ORTA Y| KL} T OTOB;} S KAMYON
TAKIT
=
-
<<
o -
4
= %) %) I9) I9)
s| < |o|d|o|=s|dlo|d|o|l=s|S|o|d|dl=]8|o|ld|d]=]s
| a2 |lOo|lZz|>|a|lo|lo|z|>|la|lo|Oolz|>a|lan|l ol z>3|aln
o | a
Z x| O
X
< | o] + (TON/YIL) (TON/YIL) (TON/YIL) (TON/YIL)
01017( 1 | 14624[52,8413,57 3,86| 1,54|0,09] 3,14( 3,42|0,24|0,81(0,007| 1,24|6,91| 0,33| 0,60 |0,006(32,88|57,44| 3,23| 3,80| 0,05
01017 2 |22041(174,949,19 13,2| 2,42|0,38| 5,31 8,76|0,73(2,57| 0,02 | 3,53(19,34 0,99| 0,60 | 0,01|108,6/182,9412,07 4,52| 0,16
01018| 1 | 22292441,5713,47 3,93( 1,45|0,09( 1,31 2,12|0,17(0,61|0,006( 0,76| 4,19 0,21| 0,13|0,003(23,45| 39,83 2,54| 0,97| 0,03
01018| 2 | 15977|113,434,89 9,95 2 |0,26(0,89(1,37|0,11|0,40|0,003| 3,86|21,12/ 1,08| 0,65| 0,02 (116,4/202,9|11,89 4,74| 0,17
01018 3 | 33154(61,2920,1910,24 1,73|0,16| 3,91| 6,05/ 0,61 1,63| 0,01|1,61(7,79|0,51| 0,27 |0,005|37,15|60,05( 4,88| 1,70| 0,05
01018 4 | 19533(93,9925,31 6,8 | 1,80(0,18|2,77| 4,2 |0,33(1,20( 0,01|1,61(8,98|0,43| 0,27 |0,007|54,07|92,95( 5,76| 2,23| 0,08
01018| 5 | 16882(28,379,21|2,75| 1,36/ 0,05 1,46( 1,94| 0,15 0,52| 0,01 | 0,72| 3,99( 0,19 0,12|0,003(18,01|30,33| 1,89( 0,73| 0,02
85001| 1 | 1604 |2,85|2,97|1,35(1,12|0,004 0,17 0,3 | 0,02| 0,09(0,00040,0093 0,020,0010,0004%0,0004 0,95 1,67 0,11 0,04/0,001
85001 3 | 2140 (3,42|3,15|1,42|1,15|0,00§ 0,22| 0,4 | 0,04(0,11|0,001| 0,04(0,18|0,01|0,006/0,000] 2,08 | 3,59 | 0,25| 0,09|0,003|
85501| 1 | 10601(16,3¢ 6,85|2,29|1,27|0,04|0,85| 1,36/ 0,11( 0,40(0,003| 0,02( 0,080,004 0,003|0,000¢ 5,24 | 9,35| 0,6 | 0,230,009
85501| 2 | 7566 |42,3|13,0§ 4,24 1,27|0,09( 1,72 2,77| 0,88 0,80|0,008| 0,05| 0,05 0,02|0,009/0,000% 7,58 |14,69| 0,87|0,33| 0,01
85501| 3 | 1634 (10,855,01|2,47|1,22|0,03|1,01(2,37|0,17|0,50|0,005(0,07| 0,35 0,02| 0,01 [0,000% 6,14 |10,46( 0,79| 0,28|0,009|
85501 4 | 1472 |4,88|3,63|1,54| 1,16/0,011 0,41 0,75| 0,16( 0,22(0,002| 0,04( 0,19| 0,01|0,007|0,000] 2,47 | 4,24 | 0,3 | 0,11| 0,004
85502 1 606 |5,19/3,61(1,78|1,17(0,01¢ 0,68 0,88|0,09| 0,23(0,002| - - - - - 1,73| 2,95|0,26(0,09|0,002
85502| 2 636 |4,97|3,53|1,77|1,17|0,009 0,68 0,83| 0,08/ 0,20(0,002| 0,02 0,08|0,00€ 0,003/0,000] 2,46 | 4,12|0,41(0,14|0,003|
ITOPLAM [170762/656,6207,467,5921,831,4 [24,5 37,5 3,89 [10,290,09 |13,6 (73,3 |3,8 [2,67 [0,06 [419,2]717,6 (45,8520 |0,6

kekil 406te atmosfere salénan toplam CO e mi
l emé g°r ¢l mektedir. Buna g°re yellék CO emis
orta ye¢ke ticari takétl!l ar i -in 24,5 ton, ot o
tonolamk hesapl anméktéer. CO emisyonu i-in en byg¢g
ait olduju g°r ¢l mektedir. Buna séraséyl a %37
ticari takétlar ve %1, 22 ile otob¢sler katkeée
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o< N
& 0O, O

700 T T T T
600
— 500
2
‘%’400
'gGDD
o
OZDD
100
Otomobil Orta yukld ticari tagit Otobiis Kamyon
kekil 4. Taxkétf ar¢er |sealiénneang °troep laaamoGO e mi sy o
(ton/yel)
kekil 56t e at mosfeemies ysoanluénnuann ttaokpeltam ¢NO er i
l emé g°r ¢l mektedemi sBamadgpPeri yeét dm&b iNIOI er
n, orta ye¢ke ticari takétlar i -in 37,5 ton
7,6 ton ol aralkemhesysapluanméwnt @n. bN®¢sck payén
nlara ait ol duj u g°20il btomolklleree/jo8ileotdBuna sér as
sler ve %3,62 ile orta ye¢kl g ticari takeéet |
800 T T T T
700
HEDD
ESDD
§4DD
5
. 300
@]
=
200
100
0
Otomobil Orta yUkld ticari tagit Otobis Kamyon
kekil 5. Taxkét te¢rlerine gPre atmosfere sal

(ton/yeéel)
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G° ksel KAYA

kekil 66te atmosfere saléndmet gplrem d\aOGC e
jel emé g°r ¢l mektedir. Buna g°re yéllék VOC ¢
t on, orta ye¢ke ticari takeéetl ar 3,9 ton, ot ok
ton ol arak hesaplanméktéer. VOC emisyonu i-in
l ere ait ol duju g°r¢l mektedir. Buna séraseéey!
yeéekl ¢ ticari takétlar ve %3,1 ile otobg¢sl er

70 T T T T
60 -
=50
3
%40*
'%30—
Q
@]
=20
10

Otomobil Orta yukli ticari tagit Otoblis Kamyon

kekil 6. Takét t¢rlerine gPre atmosfere sal

(ton/yeéel)

kekil 7foetree astamoésnan toplam PM emi syonunun
él émé g°r ¢l mektedir. Buna g°re yeéellék PM em
orta ye¢ke ticari takétlar 10,3 ton, otobg¢sl e
rak hesapl annoénkut &r-.i nPMnenbi¢gsy ¢ k payén %39, 8 il
duju g°r¢l mektedir. Buna séraséyla %36,5 ile
takétlar ve %4,9 ile otob¢sler katké sajl ama
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25 T T T T

PM emisyonu (tonfyil)

Ctomobil Orta yukld ticari tagt Otobis Kamyon

kekil 7. Takeét te¢grlerine gyareu ad efossrflearei s al
(ton/yel)

kekil 80t e at mosdeanies yooaludrmuann ttaxk@ltam ¢33O er i
jél emé go°r ¢l mekt egdeinri.s yBounn ad eg ®errei  yoétlolntokb iSO er
orta y¢ke ticardi takétl ar 0,a0r9 it-oinn, 0o,t60 btsosn ¢
ol arak hesapmasyméruér-i $0en b¢yeéek payén %65,
ol duju g°r¢l mektedir. Buna séraséyla %27, 9 i
takétlar ve %2,8 ile otob¢sler katkeée sajl ama

1.4 T

1.2

0.8

0.6

SO2 emisyonu (ton/yil)

0.2

Otornobil Orta yOkIl ticari tagit Otoblis Kamyon

kekiTlak&t te¢rlerine gereemt mpoherdefal Eran
(ton/yeéel)
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G° ksel KAYA

Dejerlendirme ve ¥neriler

Bu -al eékmada, 2017 yélenda Ordu il:i genel
kanl éjé& Karayoll aré Genel M¢ d¢r légézieg -t araf énd
gahta seyir halindeki takétlardan kaynakl anse
takét sayésé ve yol wuzunluju kullaneéel arak he
raml ama dil i kull aneéel, ¥OCaFRMveSCki ayeéei ayr e- ha- (
sapl aamécxk

Sonu-lar 2017 vyéleénda Ordu il:/ genelinde
gahtan atmosfere sal énan kirlyetioi 10kt 8rl ar
ton, VOC i-in 121,11 tenhn PM1b-ton5d4| Bujfanuvg
tedir. Obmobiller CO, VOC,PMve S&K i rl et i ci |l er i i -in séraseéeyl
%39, 8 ve %65,1 dejerl er ikemil ey eamu bi¢g-yi¢grk emyla¢ \s
kirletici kaynajé %69,3 ile kamyonlardér. At
kamyonlar %51, 7illen b¢y ¢k paya sahiptir. Bunu sér as:¢
%4, 01 ile otob¢sler ve %3,3 ile orta ye¢kl ¢ it

T¢e¢rkiye' ' de 1 Ocak 2011 tarihi itibariyle
bununla il gild@ ithalatlar durdurul muk ve 1
bayilerinde sateéké yasakl anméxkteéer. B°yl ece o
o r a n érin veddenainde 10 ppm, oto LPG'de ise 50 ppm olarak uygulanmaya
bakl anméexkt ér . Bu gelikmenin motorlu takeéetl a

emi syonunu ol duk-a d¢gkegrdegjé sonucuna var él m

Tée¢rkiyedde emi syon envantreéml e&ruilliam dekd ap lé
yakét t¢grlerine ve motor teknolojisine g°re

sorun ol arak ortaya -ékmaktader. Bu nedenl e
derél masé °nem arz etmektedir.

Emi syon sonu-1ladéikheelOenddi memdé&ezi neeki g,
kirletici miktarlarénén fazla olduju g°°r ¢l me
edil mekte olan -evre yolunun Ordudbdya acil en
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¥zeMet al kapl ama sanayi heézla geliken sanayi
bir yer tutmaktader. Metal kullanéemé g¢n ge-ti
rak korozyon nedeniyle meydana gelen mal zeme v
l ara ul akmaktadaeérr.en Metzelyiwmdy & oalozkéomla kar Kk é
hale getirmenin en sék bakvurulan y°ntemlerinct
l ama y°ntemidir. Kaplama ile y¢gzeyin yapésé Vv
yapélan mal zemeni n; g°r ¢n¢ kK& dapyaan éakkll e-k renk)
|l eje, akénmaya karké dayanéekl el éj e, kayganl éj e
lirliji gibi °zellikleri daha iyi bir duruma g
kapl ama, ni kel kaplama, -inko kaplama, fosfat
bilir . Met al kaplama tesislerinde olukan toplam :
dir, ancak -ok tehlikelidir. Olduk-a toksik at
[ er i metall er, asitler, krom, ni kel , kal ay ve
l erininhaméhkhl!| §al ar@em de asidi k °zellikte ol ab
rol ¢ Y°netmelijidnde Met al Sanayi Aték Sul ar ér
dartl ar e, Konya Su ve Kanalizasyon Kdaresi Ger
nali zasyon kebekesineabDérasyoN°rRebmé&lkeisjnénde -
Kar j edilecek end¢gstriyel atéksularda sajl anm
mi Ktir. Met al kaplama tesisleri aték sularénd:
l emleri siyan¢rlerin oksidasyonu, +6 dejerlikl
dirge n me s i ve =-°ktg¢r gl mesi, asit atéklarén no°tr
ki myasal yolla -°ktg¢gregl mesi, -%kel tim, iyon de
yon kKeklinde séralanabilir. Met al kapl amada ki
kazanmak ¢ zerveeyiay otnerdsejoizkmonsi kul | anél maktadér
Anahtar Kelimeler: Me t a | kapl ama end¢gstrisi, gideri m,
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Abstract: Metal coating industry has an important place among the rap-
idly developing industries. The use of metal increases day by day and parallel
to this, the loss of materials and work force due to corrosion reaches serious
dimensions. One of the most common methods of making the surface of metals
or alloys resistant to corrosion is a second metal coating method. The structure
and character of the surfaceeathanged by coating. coating of the material
made; The properties such as its appearance (gloss, color), corrosion resistance,
wear resistance, lubricity, electrical conductivity, solderability are improved.
Metal plating types include chrome platingckel plating, zinc plating, phos-
phate coating etc. It can be listed as. Total liquid wastes generated in metal
plating plants are not too bulky, but they are very dangerous. They are very
toxic waste. The most important toxic components are metals, atids
mium, nickel, tin and cyanides. Wastewater from metal coating plants can be
both alkaline and acidic. Discharge Standards of Metal Industry Wastewater in
Water Pollution Control Regulation, Konya Water and Sewerage Administra-
tion General Directorat&/aste Water Wastewater Discharge Regulation on
Sewerage to be discharged to the sewer network to be provided in industrial
wastewater limit values are given. The treatment processes of the metal plating
plants in the wastewater treatment can be listeti@®xidation of cyanides,
the reduction of the +6 valence chromium to +3 valence and precipitation, the
neutralization of acid wastes, the chemical precipitation of the metal wastes,
the sedimentation, ion exchange, reverse osmosis, neutralization. x-lon e
change or reverse osmosis is used to recover the coating salts used in metal
coating.

Key Words: Metal coating industry, removal, wastewater.

1. GKRKKEk

G¢n ge-tik-e artan metal kullanéeménda met a
karké dayanekliée- ihml metgaeltliem n y¢izeyi i ki nci
dér. Son zamanl arda met al kapl ama sanayi de ©
Suyun ve toprajén kirlenmesine genellikle, &
end¢strinin enMebtéayl¢ kk akpal yanmaa] éednédr¢, st r i si be¢yé
creten ana kimyasal proseslerden biridir. Me
z¢cCceler ve temizli k maddel eri, al kal i ajanl a
rir (Lee ve dikjs.e,k 2a(166r) .me tSauld askeiviyyiel eri suda
i -in ciddi bir tehdit oluxkturur. Bu zararl e
riyel, tar émsal ve aték bertarafé gibi - exKi
dij., 2009). kMseubhbhrkRapkamasat éortamlardaki
dan biridir. Bu aték sul ar -eki tli zarar |l é
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bakéer, -inko) y¢ksek konsantrasyonlarda, hat
l amis ve dij., 2012).

Metalkaplana at €k suyunun ar éteél madan aték su a
mesi, y¢ksek toksi k potansiyel nedeniyle cid
aték su arétma tesisindeki aktif -amurun mi k
ve di].dekDfb) ¢z6&rine tasarl anmayan tesisler
ortama dekar | edilen metaller -evre sajl éjén

Konya Organize Sanayi B°l gesinde 40 farkl
gsterirken 30. 66@m(J | enmafka aldeé ri. s tkKiomd/eam Or gani z

gesinde bulunan sekt®©°r terl eri géda, maden,
ki mya, met al |, met al kapl ama, seri maki ne i ma
sanayi sektor¢gder . i Mdatjelr keapl¢gasma idrredgsetnr idlag
ve konsantrasyonlarda aj ér met al i-erirler.

|l aré gerekmektedir.

2. METAL KAPLAMA AKkAMALARI

Met al kapl ama end¢gstrisinde kull anélan bir
tur. Geneblarak uygulanan prosesler temizleme ve ara kaplama, boyama, metal kap-
| ama ol arak gruplandér él abilir. kekil 16de n
mi Ktir. ¥n Temi zl eme akamasénda mal zemel er
l eme i kKl emi.neKatpabaimat uvitkulleumi nden ©°nce mal zeme
ya]J] ve oksitlenmelerden aréendérel ér. Her wuy
zorunludur (¢evre ve kehircilik Bakanl éjeée, 2

|l ama end¢strisindemaygubEadanateksebamhuarmakt a
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kekiMetila.l Kapl ama Genel Kk Akéem kemas
3. METAL KAPLAMA C¢EKKTLERK
Met al kapl ama endg¢gstrisinde farkleée teknik
met all ere kullaném amacéna g°re lamantemler uy
-exkitleri krom kapl ama, ni kel kapl ama, -inko
|l ama éséya ve ékéja karké diren-1lidir, y¢kse
sahiptir, bu nedenle genellikle rozk aletlerir
yona karké korumak i-in yapeéelér. Nikel kapl a
tek bakéna korozyondan korumaya yeterl: ol ma
iy yapékabil me ve «kxekil verme ©°zelliklerine
Tablol6de kaplama end¢strisinde kullanél an baz:
ril mi ktir. Dekoratif ama-1 &, m¢éhendi sl i k ve

yapél déej e

g°r ¢l mektedir.
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