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Wplyw oczyszczalni Sciekow na redukcje zanieczyszczen
odprowadzanych w czeskiej czesci dorzecza Odry

Effect of wastewater treatment plants to the reduction

of pollution discharged in the Czech part of the Odra river

basin

Stowa kluczowe: ocena $ladu wodnego, sza-
ry $lad wodny, oczyszczalnie $ciekow, zanie-
czyszczenie, obszar dorzecza
Key words: water footprint assessment, grey
water footprint, wastewater treatment plants,
pollution, river basin district

Wprowadzenie

Wzrost liczby ludnosci, urbanizacja
1 uprzemystowienie to jedne z wioda-
cych probleméw wspotczesnego $Swia-
ta. W zwiazku z tym pojawiaja si¢ py-
tania, jak zapewni¢ wystarczajaca ilos¢
jedzenia, energii i wody. Szacuje sig, ze
znaczna czg$¢ $wiata juz jest narazona na
tzw. stres wodny, to jest niedobor wody,
a sytuacja w przysztosci jeszcze si¢ po-
gorszy (Alcamo, Florke i Mérker, 2007,
Mekonnen i Hoekstra, 2016; Wada i in.,

2016). Wraz ze wzrostem liczby ludno-
$ci, rozrastajagcymi si¢ aglomeracjami
i rozwojem przemyslowym rosénie takze
iloé¢ substancji odpadowych emitowa-
nych do wod. Czgsto wody te sa nieod-
powiednio oczyszczane, co powoduje
problemy z ich dalszym wykorzystaniem
ponizej zrzutu do odbiornika do poboru
wody dla potrzeb gospodarczych i by-
towych, do celow przemystowych lub
w rolnictwie, ale takze w celu zapew-
nienia zaopatrujacych ekosystemowych
ustug wodnych (Keeler i in., 2012).
Problemy te beda nasila¢ si¢ wraz ze
zmianami klimatu i z rozwojem spotecz-
no-gospodarczym (Li i in., 2017) i beda
mialy wptyw na gospodarke oraz inne
dziedziny zycia (Hertel i Liu, 2016).
Z tych wiasnie powodow ONZ zdefi-
niowata jako jeden z 17 celow zréw-
nowazonego rozwoju cel 6: Zapewnic
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wszystkim ludziom dostgp do wody
i warunkow sanitarnych poprzez zrow-
nowazonga gospodarke zasobami wodny-
mi (UN, 2015). Aby to osiagnac, okre-
$lono konkretne zadania. Zadanie 6.3
ma na celu poprawienie jakosci wod po-
przez zmniejszenie odprowadzanych do
nich zanieczyszczen. Glownymi zrod-
fami zanieczyszczen dostajacych sig¢ do
wody jest rolnictwo, przemyst i zrodla
komunalne. Zanieczyszczenia pocho-
dzace z rolnictwa maja charakter zanie-
czyszczenia obszarowego wynikajacego
ze stosowania na gruntach rolnych na-
wozow, pestycydow 1 innych substan-
cji. Zanieczyszczenia przemystowe to
zazwyczaj zanieczyszczenia punktowe
z przedsigbiorstw i zaktadéw przemysto-
wych. Sktad zanieczyszczen z jednostek
osadniczych zalezy od typu zabudowy.
W przypadku luznej zabudowy zanie-
czyszczenie moze by¢ rozproszone.
W Europie Srodkowej jest jednak bar-
dziej rozpowszechniony uktad urbani-
styczny w postaci aglomeracji miejskich
i stref podmiejskich o duzej koncentracji
ludnosci 1 powiazanych ustugach sku-
pionych na niewielkim obszarze. Scieki
1 wody deszczowe z tak zabudowanych
obszarow sa odprowadzane przez syste-
my kanalizacyjne, a ich zrzuty do odbior-
nika sa punktowe. W celu zmniejszenia
zanieczyszczenia komunalnego genero-
wanego na obszarach zurbanizowanych
oraz zanieczyszczen przemystowych
poszczegolne systemy kanalizacyjne sa
zakonczone, zgodnie z prawodawstwem
europejskim, oczyszczalniami $ciekow.
Przedstawione badania dotycza oce-
ny wplywu oczyszczalni $ciekow na re-
dukcj¢ zanieczyszczen odprowadzanych
do woéd z punktowych zrdédel zanie-
czyszczen. Do oceny wplywu zrzutow

zanieczyszczen na odbiornik stosuje sig,
w zaleznos$ci od celu oceny, rézne me-
tody. W tym wypadku wybrano metode
analizy $ladu wodnego. Slad wodny to
narzedzie, ktére pozwala wyrazi¢ ilos¢
wody zuzytej zarowno bezposrednio,
jak 1 posrednio w calym cyklu produk-
cyjnym (np. wyrobow, firmy lub ustugi)
w celu rozcienczenia zanieczyszczenia
zwigzanego z tym procesem. Koncepcja
sladu wodnego zostalta wprowadzona
w 2002 roku (Hoekstra, 2003). Od mo-
mentu wprowadzenia wskaznika $lad
wodny, ze wzgledu na jego prostote
i uzyteczno$¢ w praktyce, zyskat duza
popularnos¢ wsrod naukowcow, or-
ganéw decyzyjnych 1 uzytkownikow.
W literaturze mozna znalez¢ coraz wig-
cej badan z wykorzystaniem $ladu wod-
nego (Mubako, 2018; Ansorge, Stejska-
lova i Volosinova, 2019; Zhu i in., 2019).
Szczegotowy opis metodologii okresla-
nia $ladu wodnego jest dostepny w wie-
lu jezykach, w tym réowniez w jezyku
polskim (Fiatkiewicz, Burszta-Adamiak,
Malinowski i Kolonko, 2013; Bergier
iin., 2019).

Do oceny zanieczyszczenia wod
shuzy tzw. szary $lad wodny. Okresla
on objetos¢ wody wymagana do roz-
cienczenia tadunku odprowadzanych
zanieczyszczen do takiego stopnia, zeby
jako$¢ uzyskanej wody nie przekraczata
obowiazujacych standardow (Hoekstra,
Chapagain, Aldaya i Mekonnen, 2011).
Do wyliczenia $ladu wodnego oprécz
sposobu opartego na klasyfikacji zrzu-
tow zanieczyszczen (szary $lad wodny)
stosuje si¢ tez metodg oceny cyklu zycia
(ang. life cycle assessment — LCA), ktdra
jest réwniez okreslana jako slad wodny
(Bergier 1 in., 2019). Obliczanie $ladu
wodnego na podstawie wskaznika LCA
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zostato zdefiniowane w migdzynarodo-
wej normie [SO 14046:2014.

Oceng prawidlowego funkcjono-
wania oczyszczalni $ciekdw za pomoca
sladu wodnego zajmowato si¢ w prze-
sztosci wielu autordw i na ten temat zo-
staly opublikowane liczne badania. Shao
i Chen (2013) w badaniu $ladu wodne-
go oczyszczalni $ciekow zajmowali sig
bezposrednimi i posrednimi kosztami
oczyszczania $ciekow z uzyciem tzw.
podejs$cia hybrydowego i analizy prze-
ptywow miedzygateziowych (ang. in-
put—output). Analiz¢ przeplywow mig-
dzygaleziowych wykorzystano réwniez
do oszacowania udziatu poszczegdlnych
sektoro6w z obszaréw zurbanizowanych
(Li, Liu, Yang i Hao, 2016). Gu i inni
(2016) zaproponowali, aby zastosowac
tzw. wskaznik redukcji §ladu wodnego
przy okreslaniu roli oczyszczalni $cie-
kow w zmniejszaniu wptywu cztowieka
na zasoby wodne. Z kolei Gomez-Llanos,
Duran-Barroso i Matias (2018) do oce-
ny poprawy jakosci §ciekow w procesie
oczyszczania wprowadzili nowy wskaz-
nik — tzw. operatywny szary $lad wodny,
tj. r6znic¢ migdzy szarym $ladem wod-
nym bez oczyszczalni i z oczyszczalnia
sciekow. Opublikowanych zostato takze
kilka analiz dotyczacych szarego $ladu
wodnego w wybranych oczyszczalniach
sciekow lub na wybranych terytoriach.
Fiatkiewicz i inni (2013) zajgli si¢ row-
nowaga hydrologiczna miasta i ustalili
$lad wodny Wroctawia. Teodosiu, Barjo-
veanu, Sluser, Popa i Trofin (2016) po-
rownali metodologi¢ oceny $ladu wod-
nego (ang. water footprint assessment)
zgodnie z zasadami LCA z metodologia
wedhug kwantyfikacji oddzialywania na
srodowisko (ang. environmental impact
quantification) na komunalnej oczysz-

czalni $ciekow w lasi, w Rumunii (Bar-
joveanu, Cojocariu, Robu i Teodosiu,
2010). Morera, Corominas, Poch, Al-
daya i Comas (2016) przetestowali me-
todologie sladu wodnego w oczyszczalni
Sciekow o wydajnosci 4000 m® na dobe
w miejscowosci La Garriga, w Hiszpa-
nii. Martinez-Alcala, Pellicer-Martinez
i Fernandez-Lopez (2018) zbadali wptyw
12 komunalnych oczyszczalni $ciekow
wregionie Murcia (Hiszpania) na zmniej-
szenie szarego $ladu wodnego nie tylko
w przypadku powszechnie spotykanych
wskaznikow zanieczyszczen, ale takze
farmaceutykow. Ansorge i inni (2019)
wykorzystujac szary $lad wodny, dokona-
li oceny zrzutow $ciekdéw z 14 komunal-
nych oczyszczalni sciekow w pdinocno-
-zachodnich Czechach z punktu widze-
nia kryteriow zrownowazonego rozwoju.
Johnson i Mehrvar (2019) opublikowali
badanie wykorzystujace $lad wodny do
oceny s$ciekow z przemyshu winiarskie-
go oczyszczanych w oczyszczalni $cie-
kéw komunalnych w rejonie Niagara,
w Ontario (Kanada). Stejskalova, An-
sorge, Kucera i Volosinova (2019) do-
konali oceny zrownowazonego zrzutu
sciekow z komunalnych oczyszczalni
sciekow w matej zlewni tacznie z obli-
czeniem $ladu wodnego przed moder-
nizacja i po modernizacji tego obiektu.
Qin, Sun, Han i Zou (2019) obliczyli sza-
ry $lad wodny dla przemystu, rolnictwa
i gospodarstw domowych w 31 prowin-
cjach w Chinach w latach 1998-2012.
W niniejszym badaniu szary $lad
wodny jest wykorzystywany do wyra-
zenia wpltywu przemystowych i1 komu-
nalnych oczyszczalni $ciekow na re-
dukcje odprowadzanych zanieczyszczen
w czeskiej cze$ci migdzynarodowego
dorzecza Odry. Znaczne zanieczyszcze-
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nie wod powierzchniowych w dorze-
czu Odry jest postrzegane jako istotny
problem o znaczeniu ponadregionalnym,
ktorego rozwiazanie wymaga wymiany
informacji 1 uzgodnienia na poziomie
migdzynarodowym. Oprdécz problemoéw
ponadregionalnych w dorzeczu Odry wy-
stepuja takze problemy gospodarki wod-
nej o charakterze regionalnym, a jednym
z nich jest niedostateczny w stosunku do
obecnego stanu wiedzy i techniki oraz
ustalonych celow srodowiskowych dla
wod powierzchniowych stopien oczysz-
czania odprowadzanych $ciekéw w re-
gionalnych zlewniach czastkowych.

Metodologia badan

Powierzchnia dorzecza Odry w Re-
publice Czeskiej wynosi 7240 km?, co
stanowi zaledwie 6% calego dorzecza
(MKOO, 2015). W celu realizacji dyrek-
tywy 2000/60/WE ustanawiajacej ramy
wspolnotowego dziatania w dziedzinie
polityki wodnej migdzynarodowy ob-
szar dorzecza Odry (MODO) podzielo-
no na siedem jednostek, z ktorych czgsc
obszaréw opracowania gornej Odry
i Nysy Luzyckiej znajduje si¢ w Repub-
lice Czeskie;.

Dane dotyczace $ciekéw odprowa-
dzanych do wod w ilosciach przekracza-
jacych 500 m® miesigcznie lub 6000 m?
rocznie s3 w Republice Czeskiej ewi-
dencjonowane przez Statni Podniky
Povodi (zarzady dorzecza) oraz za-
pisywane w rejestrze poboréow wody
1 zrzutéw Sciekdéw do odbiornika, tacznie
z wybranymi danymi dotyczacymi ilo$ci
1 jakosci $ciekéw surowych na dopty-
wie do oczyszczalni i oczyszczonych
odprowadzanych do odbiornikéw wod-

nych. Informacje o zanieczyszczeniach
na doptywie do oczyszczalni oraz zrzu-
tach $ciekow oczyszczonych do odbior-
nika uwzgledniaja siedem wybranych
wskaznikéw zanieczyszczenia, ktdrymi
sa: biochemiczne zapotrzebowanie tlenu
(BZTj5), chemiczne zapotrzebowanie tle-
nu (ChZTc,), zawiesiny ogolne, rozpusz-
czone zwiazki mineralne, azot amonowy
(N-NH,4"), azot nieorganiczny (Nnorg)
i fosfor ogolny (Pyg).

Do badania $ladu wodnego 1 analizy
redukcji zanieczyszczen wykorzystano
dane charakteryzujace 391 oczyszczalni
sciekow 1 miejsc zrzutu SciekoOw oczysz-
czonych do odbiornikow wodnych
w czeskiej czesci dorzecza Odry, ktore
zebrano w latach 2004-2018 (tab. 1).
Komunalne i przemystowe oczyszczal-
nie $ciekéw identyfikowano na podsta-
wie klasyfikacji dziatalnosci gospodar-
czych w Unii Europejskiej, tj. kodow
NACE (Nomenclature statistique des
activités économiques dans la Commu-
nauté européenne).

Kalkulacja zmniejszenia szarego
sladu wodnego w dorzeczu odbywa si¢
w czterech krokach. Zgodnie z rowna-
niem (1) obliczano szary §lad wodny
zaré6wno generowanych (na doplywie do
oczyszczalni), jak i odprowadzanych za-
nieczyszczen (na odptywie z oczyszczal-
ni) dla kazdego wskaznika zanieczysz-
czenia i oraz punktu zrzutu j. Nastgpnie
na podstawie wzoru (2) obliczono §lad
wodny $ciekéw surowych doprowadzo-
nych do oczyszczalni i odprowadzane-
go tadunku zanieczyszczen dla kazdego
punktu zrzutu j. W trzecim kroku, zgod-
nie z réwnaniem (3), okre$lono szary
slad wodny dorzecza jako sumeg S$la-
doéw wodnych wszystkich miejsc zrzu-
tu. Wreszcie redukcje zanieczyszczen
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TABELA 1. Liczba punktéw zrzutéw $ciekdw w czeskiej czgsci dorzecza Odry (badania whasne)
TABLE 1. Number of wastewater discharges in the Czech part of Odra river basin (own studies)

Wyszczegdlnienie
Specification

Goérna Odra
Upper Odra

Nysa Luzycka
Lusatian Neisse

Razem
Sum

dzanych zanieczyszczen

Liczba punktow zrzutéw $ciekow z redukceja odprowa-

329

62

391

Number of places of wastewater discharges with pollu-
tion reduction

Liczba zapisow zrzutow Sciekow w rejestrze z redukcja
odprowadzanych zanieczyszczen

Number of records concerning discharges with pollu- 2607

446 3053

tion reduction

(sprawnos¢ oczyszczania $ciekow) okre-
$lono na podstawie wzoru (4) jako sto-
sunek réznicy szarego sladu wodnego na
doplywie i odptywie (w miejscu zrzutu
do odbiornika) do szarego $ladu wodne-
go na doptywie.

SWsaryx — szary $lad wodny analizowa-
nego systemu [objgtos¢ / czas],

L; ;  — fadunek zanieczyszczenia i na do-
ptywie do oczyszczalni albo tadunek za-
nieczyszczenia i na odptywie z oczysz-
czalni w miejscu j [masa / czas],

Cmax,; — dopuszczalne stezenie zanie-

_ Ljik 1) czyszcezen i w odbiorniku w miejscu j
SWezary.jie = M [masa / objetos¢]
Cmax, /i ~ Cnat, i JRIOSCl,
SVVszary,j,k = maX{SVVszary,j,I,k > SVVszary,j,lk ERRRE] SVVszary,j,i,k} (2)
Cnatj,; — Naturalne st¢zenie zanieczysz-
n r, . . . . . rr
SWesary Z j:IS Wezary, j i 3) czeniw odbiorniku j [masa / objgtos¢],
n — liczba punktow zrzutow.
Poziomy granicznych zawartosci
. S VVszary effluent — S VVszary influent it h ; A
redukcja = ; > monitorowanych  zanieczyszczen  po-
SWezary influent daje czeska norma techniczna wydana
oV 2017 roku — CSN 75 7221. Zgodnie
. ) z niag maksymalne st¢zenia zanieczysz-
gdzie:

k — identyfikator (influent — doplyw
do oczyszczalni, effluent — odpltyw
z oczyszczalni),

SWzaryjix — szary $lad wodny zanie-
czyszczenia i w miejscu zrzutu j [obje-
tos¢ / czas],

SWsaryj i~ szary Slad wodny oczyszczal-
ni w miejscu zrzutu j [objgtos¢ / czas],

czen w odbiorniku (¢, ) Zostaty ustalone
na podstawie poziomow dla wod 11 klasy,
a poziom naturalnego stezenia (cpg)
okreslono zgodnie z wartosciami dla
wod I klasy (tab. 2).
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TABELA 2. Maksymalne i naturalne poziomy monitorowanych wskaznikow
TABLE 2. Monitored parameters with their natural and maximum concentration values

Wskaznik Cnat Crmax
Parameter [mg1™'] [mg1™]
Biochemiczne zapotrzebowanie tlenu

. . 2 4
Biochemical oxygen demand
Chemiczne zapotrzebowanie tlenu 15 25
Chemical oxygen demand
Zawiesiny ogolnp 15 25
General suspensions
R(.)zpuszczor}e zwiazki mineralne 300 450
Dissolved minerals
Azot nieorganiczny 2,75 5,55
Inorganic nitrogen
Fosfor ogdlny
General phosphorus 0,05 0.15
Azot amonowy 02 0.4
Ammonium nitrogen

*Warto$¢ zdolnos$ci asymilacyjnej (¢ax—Cnat) r0zpuszczonych zwiazkéw mineralnych wyprowadzono
na podstawie zalozenia, ze rozpuszczone zwiazki mineralne sa podzbiorem catkowitej ilosci rozpusz-
czonych substancji statych. Warto$¢ zdolno$ci asymilacyjnej dla rozpuszczonych zwiazkoéw mineral-
nych okreslono na poziomie 3/4 zdolnosci asymilacyjnej catkowitej ilosci rozpuszczonych substancji
statych zgodnie z norma CSN 75 7221 (Ansorge, Stejskalové, Dlabal i Kucera, 2019).

Wyniki oraz ich dyskusja

Szary $lad wodny zanieczyszczen
odprowadzanych z oczyszczalni Scie-
kéw waha si¢ w czeskiej czgsci dorze-
cza Odry od 1,87 do 4,00- 10° m? rocznie
(rys.). Zlewnia czastkowa goérnej Odry
ma w nim udzial na poziomie 71-92%,
a zlewnia Nysy Luzyckiej zaledwie
8-29%. Szary s$lad wodny zanieczysz-
czen na doptywie do oczyszczalni $cie-
kow wynosi od 21,66 do 30,14:10° m?
rocznie. Skuteczno$¢ usuwania zanie-
czyszczen w oczyszczalniach $ciekow
w czeskiej czesci dorzecza Odry wyno-
si 85-95% 1 podobne wyniki osiaga si¢
rowniez w czastkowej zlewni gornej
Odry, gdzie wielkos¢ redukcji bada-

nych wskaznikow osiaga od 86 do 95%.
W czeskiej czgséci zlewni Nysy Luzy-
ckiej redukcja zanieczyszczen ksztaltuje
si¢ w granicach od 58 do 92%. Szczego-
ly podano w tabeli 3.

Odptywy z oczyszczalni komunal-
nych (tab. 4) stanowia od 68 do 90%
szarego $ladu wodnego zrzucanych za-
nieczyszczen. W zlewni Nysy Luzyckiej
zrzuty z miejskich oczyszczalni Sciekow
stanowia od 88 do 99% calkowitego sza-
rego $ladu wodnego. Podobnie jest z za-
nieczyszczeniami w $ciekach surowych
na doplywie do oczyszczalni. Zanie-
czyszczenia doplywajace do miejskich
oczyszczalni $ciekow stanowia od 68
do 93% szarego $ladu wodnego zanie-
czyszczen wytwarzanych w catym do-
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Szary $lad wodny

Grey water footprint
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RYSUNEK. Szary $lad wodny odptywu z oczyszczalni $ciekow (ang. effluent) i doptywu do oczysz-
czalni (ang. influent) w czeskiej czgsci dorzecza Odry (badania wlasne)

FIGURE. Grey water footprint of pollution discharged from WWTPs (effluent) and pollution entering
the WWTPs (influent) in the Czech part of Odra river basin (own studies)

rzeczu Odry — od 65 do 93% w dorzeczu
gornej Odry, a od 92 do 99% w zlewni
Nysy Luzyckiej. Scieki odprowadzane
z przemystowych oczyszczalni $ciekow
(tab. 5) stanowig zatem jedynie niewiel-
ka czgs¢ szarego §ladu wodnego.

Przeprowadzone badania maja kilka

ograniczen:

L.

W przypadku 168 zapisow doty-
czacych zrzutow zanieczyszczen do
odbiornika (co stanowi 5,5%) w re-
jestrze jest brak niektorych danych
odnos$nie wskaznika zanieczyszcze-
niana doptywie do oczyszczalni Scie-
kéw, determinujacego wartos$¢ sladu
wodnego w odplywie z oczyszczalni.
Zatem obliczenie stopnia zmniejsze-
nia zanieczyszczenia w powyzszych
przypadkach moze nie by¢ catkowi-
cie doktadne.

W trakcie badan dysponowano dany-
mi o siedmiu podstawowych wskaz-
nikach  zanieczyszczenia  ujetych

w centralnym rejestrze, ale, jak poka-
zuja badania zagraniczne (Martinez-
-Alcald i in., 2018), na szary $lad wod-
ny moga mie¢ wplyw rowniez substan-
cje inne niz standardowo monitoro-
wane w oczyszczalniach $ciekow czy
raportowane do rejestrow centralnych.
W przypadku 1837 ewidencjonowa-
nych pomiarow jakosci §ciekow suro-
wych i oczyszczonych (tj. 60,2%) ze
wzgledu na niejednakowa skutecznos¢
usuwania poszczeg6lnych zanieczysz-
czen doszlo do zamiany wskaznika
zanieczyszczenia  determinujacego
slad wodny na doptywie Sciekow do
oczyszczalni na wskaznik dominujacy
na odptywie z oczyszczalni.

W 21 przypadkach (0,7%) na oczysz-
czalni $ciekow nastapit wzrost szarego
sladu wodnego (poza przypadkami,
o ktorych mowa w pkt 1). Przyczyna
mogly by¢ bledy w centralnej bazie
danych albo optymalizacja procesu
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oczyszczania zamierzona z pewnych
wzgledow na inny wskaznik zanie-
czyszczenia niz te, na podstawie kto-
rych okreslano szary $lad wodny.

Whioski

Jedna z glownych zalet szarego Sladu
wodnego jest to, ze transfiguruje kazdy
rodzaj zanieczyszczenia wypuszczanego
do odbiornika w ilo$¢ wody niezbedna do
rozcienczenia wprowadzonego do wody
fadunku zanieczyszczenia do takiego
stopnia, aby jako$¢ wody nie przekracza-
fa ustalonych standardow. W ten sposob
mozna porownywac ze soba rézne wskaz-
niki zanieczyszczenia. Jego wada jest to,
ze odnosi si¢ wylacznie do chemizmu
wody a nie uwzgl¢dnia wplywu odprowa-
dzanych $ciekéw na stan ekologiczny.

Oczyszczalnie $ciekow w znacznym
stopniu redukuja zanieczyszczenie odpro-
wadzane do odbiornika, a tym samym mi-
nimalizuja potrzebg rozcienczania zrzutu
sciekow do bezpiecznego stezenia. W cze-
skiej czgsci dorzecza Odry oczyszczalnie
$ciekow zmniejszaja nawet o 92% ilos¢
wody potrzebnej do rozcienczenia odpro-
wadzanych zanieczyszczen, tj. szary $lad
wodny. Czeska czg$¢ dorzecza Odry jest
podzielona na dwa obszary opracowania:
okoto 90% szarego sladu wodnego doty-
czy dorzecza gornej Odry, a 10% zlewni
Nysy Luzyckiej. Na poczatku monitoro-
wanego okresu 2004-2018 oczyszczalnie
komunalne 1 przemystowe przyczynity
si¢ do wielkosci szarego $ladu wodnego
w dorzeczu gornej Odry w 65 : 35. Pod
koniec tego okresu stosunek ten wynosit
85 : 15. Wzlewni Nysy Luzyckiej rowniez
wzrost odsetek komunalnych oczyszczal-
ni Sciekow wzgledem oczyszczalni prze-

mystowych z okoto 96 :4 do 98 :2. Ze
wzgledu na niejednakowy stopien reduk-
cji poszczegdlnych wskaznikow zanie-
czyszczenia w oczyszczalniach $ciekow
w 60% oczyszczalni wielko$¢ szarego
sladu wodnego na wlocie do oczyszczalni
byta uwarunkowana innym wskaznikiem
niz na wylocie z oczyszczalni.
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Streszczenie

Wplyw oczyszczalni $ciekow na re-
dukcje¢ zanieczyszczen odprowadzanych
w czeskiej czesci dorzecza Odry. Zanie-
czyszczenie wod powierzchniowych w ca-
tym dorzeczu Odry jest postrzegane jako
powazny problem, na ktory znaczaco wpty-
wa niewystarczajacy stopien oczyszczania
sciekow w zlewniach czastkowych w sto-
sunku do dostgpnych najnowocze$niejszych
technologii i celow $rodowiskowych dyrek-
tywy 2000/60/WE. Do okreslenia wptywu
przemystowych i komunalnych oczyszczalni
Sciekow na redukcj¢ odprowadzanych zanie-
czyszczen w czeskiej czgsci migdzynarodo-
wego dorzecza Odry wykorzystano metode
oceny szarego $ladu wodnego. W czeskiej
czes$ci dorzecza Odry przeanalizowano dane
z 391 oczyszczalni $ciekow w latach 2004—
—2018. Uzyskane wyniki pokazuja, ze
oczyszczalnie $ciekOw zmniejszaja nawet
0 92% szary $lad wodny, tj. ilo§¢ wody po-

trzebnej do rozcienczenia zanieczyszczen
odprowadzanych do odbiornika w czeskiej
czgsci dorzecza Odry.

Summary

Effect of wastewater treatment plants
to the reduction of pollution discharged
in the Czech part of the Odra river ba-
sin. Surface water pollution is referred to be
a problem in the entire Odra river basin. In
sub-basins, an insufficient degree of waste-
water treatment has been identified as a ma-
jor problem — in relation to the best available
technologies and environmental objectives
of Directive 2000/60/EC. The grey water
footprint indicator was used to express the
influence of point sources of pollution (in-
dustrial and municipal wastewater treatment
plants) on discharged pollution reduction in
the Czech part of the international Odra river
basin. The number of 391 records of waste-
water treatment plants for the period 2004—
—2018 was analysed. The results show that
the wastewater treatment plants reduce by up
to 92% the potential water needs for dilution
of pollution discharged into waters in the
Czech part of the Odra river basin.
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Introduction

Chlorination is the prevalent cleans-
ing technique in Iraq and elsewhere. Nev-
ertheless, scientific studies showed that
chlorine interacts with natural organic ma-
terials (NOM) in raw water and produce
harmful disinfection by-product materials
(DBPs) such as the four trihalomethanes
(THMs), chloroform (CHCl3), bromodi-
chloromethane (CHBrCl,), chlorodibro-
momethane (CHBr,Cl), and bromoform
(CHBr3), which have carcinogenic ad-
verse pregnancy outcomes (Rook, 1974;
Nikolaou & Lekkas, 2001).

Trihalomethanes formation varies
depending on the properties of NOM in

source water and increases by increasing
bromide concentration, chlorine dose,
contact time, temperature, and pH (Sing-
er et al., 2002; Nikolaou, Golfinopoulos,
Arhonditsis, Kolovoyiannis & Lekkas,
2004; Baribeau et al., 20006).

Tigris river only is the source of
drinking water in Baghdad and other ar-
eas of Iraq. There are more than ten wa-
ter-treated plants (WTPs) in Baghdad of
all production ability is 2.5 million m* in
a day. Each WTP utilizes chlorine to dis-
infect drinking water to keep a specific
stage of remaining chlorine to prevent
bacterial growth (Ewaid, Rabee & Al
Naseri, 2018).

Many reviews recommended that the
concentrations of THMs change season-
ally, during warm months of year natu-
ral materials substances of surface water
rises because of the quick rot of plant
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and draining through the rain in a water
source, the rising in temperature and or-
ganic materials, as well as chlorine, leads
to higher THMs formation (Rodriguez &
Serodes, 2005; Chowdhury, Champagne
& McLellan, 2009).

The seasonal variation of THMs
concentrations was monitored during the
distribution system of WTP in Istanbul
according to a 30-week program of in-
tensive sampling, highest THM stages
stated in summer (117 pg1™), and low-
est in spring (75 pg-1™!) (Toroz & Uyak,
2005).

Research in the Somas river basin
in Romania approved that THMs con-
centration in four WTPs and distribution
systems were below 100 pg1™! (Ristoiu
et al., 2009).

The existence of THM in samples of
tap water from 19 districts of Baghdad in
summer was studied; the mean concen-
tration of THM in summer was 81 pg1”!
(Barbooti et al., 2010).

Numerous mathematical models for
the prediction of THMs formation sug-
gested previously in the literature that
might be ordered in two fundamental
sorts: models designed according to em-
pirical relationships and models designed
according to the kinetics participated in
chlorine interactions (Di Cristo, Esposito
& Leopardi, 2012).

Literature had been reviewed from
1974 to 2009 and found that more than
120 models for the prediction of DBPs
fate published. Many variables are influ-
encing the development of DBPs; these
factors include disinfectant type, temper-
ature, pH, NOM as total organic carbon
(TOC), and others (Chowdhury, 2009).

Erispaha (2011) studied 40 predic-
tion models and found that the prevail-
ing variables faced in THM formation
are TOC concentration, chlorine dose,
temperature, pH, time, and bromide
concentration.

There is little information about the
concentrations of THMs and the relation
with raw water properties in the drinking
water of Baghdad. In addition, the season-
al diversity of THMs concentration is not
well known. The aims of this research are
to evaluate the seasonal diversity of THMs
in raw and drinking water, to discover its
relationship with many environmental pa-
rameters and to improve a mathematical
predictive model that offers a simple means
that may be readily used in the distribution
system to assess the risk of THMs forma-
tion through expecting concentrations.

Material and methods

The city of Baghdad depends on the
treatment of crude water from the Ti-
gris river for drinkable water. In this re-
search, the water tested took from seven
WTPs using the conventional purifica-
tion method; they are East Tigris, Wath-
ba, Karama, Qadysia, Dura, Wahda, and
Rasheed water treatment plant (Fig. 1).
Samples as well as gathered from resi-
dential areas near to all plants.

Baghdad city has 7.5 million inhabit-
ants (Burnham, Lafta, Doocy & Roberts,
2000), the city has 464 resident districts
and its area is about 1,000 km?. The styl-
ing abilities of the WTPs in Baghdad are
3,120,000 m® daily and the real produc-
tion is 2,504,000 m* daily (CSO, 2013).
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FIGURE 1. The study area in Baghdad

Sampling and water quality
parameters measurement

Five samples from every plant took
monthly from January 2017 to October
2017. The first sample was raw water
from the river to define TOC and THM
concentrations. The second sample was
from treated water in the plant, the third,
fourth, and fifth samples were taken im-
mediately from used taps of neighbor-
hoods at different distances from the
plant.

The number of the gathered samples
from the seven WTPs was 350 samples
for the THM analyses and 70 samples for
the TOC during 10 months of the study.
Water samples were collected in 250
ml glass bottles fully full to obviate air
bubbles and wastage of THM. Each bot-
tle washed and cleaned in distilled and

deionized water based on the standard
procedure 1710B (APHA, 2012), each
sample gathered in glass bottles closed
in TFE-screw lined caps and put it in a
cooler box, stocked at 4°C and analyzed
during 2-3 h. Water temperature (Temp.)
[°C], pH, and electrical conductivity
(EC) [uS-cm‘l] were determined in situ
by a multi-meter model WTW Multi
340i. Turbidity (Tur.) [NTU] was meas-
ured in situ utilizing the portable turbid-
ity meter model WTW TURB 355 IR/T.
The residual chlorine (R. Cly) [mg17']
was measured in situ using Hach Pocket
Colorimeter II.

The measurements of water param-
eters were by the mg1™! unit; alkalinity
(Alk.), total solids (TS), and chlorine
dose (Cl, dose) were obtained from the
plant’s administrations and laboratories.
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Trihalomethane  was  measured
utilizing gas chromatography model
(DANI GC 1000, Dani Instrument SPA,
Italy) with an electron capture detector
(GC-ECD) according to standard method
6232B (APHA, 2012). TOC measured
following the standard method 5310C
(APHA, 2012) utilizing (multi N/C 3100
TOC analyzer, Analyticjena, Italy).

Modeling of THM formation

A log-linear multiple regression
analyses utilized to develop a mathemat-
ical model which shows THMs concen-
tration as the dependent variable with
respect to other water quality param-
eters as independent variables utilizing
field study measurements of areas close
to seven WTPs by the Statistical Pack-
age of Social Scientists (SPSS) program
(IBM Corporation, 2012).

The regression coefficient in pre-
dictive models is generally evaluated
through log-transforming variables to
have naturally distributed (Stow, Reck-
how & Qian, 2006).

Results and discussion

To evaluate the relationship between
the THMs formation with some water
quality parameters, these parameters
were measured in water samples from
the seven 7WTPs, average values of all
parameter: temperature (21.2°C), pH
(7.96), total organic carbon (2.93 mg-1™"),
alkalinity (148.3 mg-1™"), turbidity (212.9
NTU), total solids (604.6 mgl™") and
electric conductivity (863 pSm-cm™)
in raw water whereas residual chlo-
rine (0.85 mg:1™") and chlorine dose of
(3.15 mg-1"!) in treated drinking water of

seven WTPs. Concentrations of total tri-
halomethanes (TTHM) were measured
in samples of raw water at the intake of
each plant, treated water produced in the
plants and from taps of consumers from
the residential districts near those seven
plants for 10 months between January
and October 2014, the secasonal varia-
tions in TTHM concentrations is illus-
trated in Table 1.

There is a clear graduated increase
within the annual average concentration
of THM in raw, treated, and tap water.
Seasonal diversity in river water quality
is closed to alteration in climatic param-
eters such as temperature and rainfall. In
warm months, natural organic materials
content rising due to the quick dissolu-
tion of plants. Rains raise the content of
the organic material through the filtering
of natural materials into watersheds (Ab-
del Halim, 2013). This study found that
there are concentrations of THMs in raw
surface water and that might be because
of naturally high levels of bromide ion in
the Tigris river.

Pearson correlation coefficient (r)
studied and utilized to measures correla-
tion strength between all individual vari-
ables (independent factors) and THMs
formation (dependent factor). The corre-
lation matrix of tested variables param-
eters is presented in Table 2.

There was high significant positive
correlation with chlorine dose (sig. =
=0.00<0.02) and great relationship (r =
= 0.82) THMs formation.

Adding chlorine to the water in-
creases the formation of hypochlorous
acid HOC1 and hypochlorite ion OCl,
the formation of them relies on pH. The
OCI is formed in alkaline medium and
HOC1 dominates in acidic solutions
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TABLE 1. Seasonal variations of TTHM among raw, treated, and tap water [ug1']

WTP _ RIVCI:
East Tigris| Wathba | Karama | Qadysia | Dura | Wahda | Rasheed
Winter
Raw water 3.5+2.1 4+14 4+14 4428 5.5+0.7 9+14 6+0
Treated water | 8.543.5 | 10.5+2.1 | 9.5+49 | 9.547.7 17 £2.9 24 £4.2 17.5+2
Tap water 1245.6 14 +£3.5 15+4.2 |13.5+10.6| 22.54+2.1 | 33+5.6 | 23.5+2.1
Spring
Raw water 10.3 £5.5 1247 [31.3+£33.5| 12426 9.3 +4 14+1.5 | 13.6+3.2
Treated water |25.6 +£10.9(28.6 £16.7| 40+19.7 | 283 £5.8 | 25+£8.1 393+13 | 38+5.2
Tap water 36+16.3 |40.6+23.7| 33.3+15 | 40.3+8.3 [24.3+12.2|53.3+18.5| 51.6+8
Summer
Raw water 2543 28 £6 28 £2.6 22.6+4 | 256489 | 303425 | 23.6+2
Treated water | 58 £8.1 64.6+2 | 62.6+13 |62.6+12.2| 56.6+3.7 | 67+1.7 | 70.3+8.5
Tap water 83 £11.1 | 89.6+4.7 |90.6 +15.6| 86+16.5 | 79+16.3 | 97.3+4 94 +6.9
Autumn
Raw water 21.5+6.3 | 20.5+0.2 | 20.5+0.7 257 21.549.2 | 20+12.7 | 16.54+4.9
Treated water | 53.5+7.7 | 54.540.1 |51.5+16.2| 51.5+17 | 50+18.3 | 53+32.5 | 6124
Tap water 75+14.4 | 75403 | 72+15.5 |76.5+26.1|71.5427.5| 734452 | 77.5+29
TABLE 2. The correlation matrix of the multiple regression analysis
x THMs | TOC | pH | Temp. | Cl,dose | Alk. | Tur. EC TS | R.Cl,
THMs 1
TOC 0.23 1
= |pH -0.31 | -0.29 1
§ Temp. 0.06 | 0.87 | —0.24 1
% Clydose | 0.82 | 0.23 | -0.35 | 0.04 1
Q
£ Alk. -0.29 | -0.54 | 0.54 | -0.44 | -0.36 1
% Tur. -0.15 | -0.85 | 0.25 | -0.81 | —0.09 | 0.47 1
&~ |EC 0.19 | —0.09 | -0.02 | —-0.37 031 |-0.07| 0.12 1
TS -0.15 | -0.05 | 0.11 | -0.18 | —0.01 [-0.05| 0.06 | 0.60 1
R.Cl, 0.34 | 035 | 03 | 035 0.52 |-0.32]-0.20 | —0.04 | 0.2 1
p | THMs 0.02 | 0.00 | 0.30 0.00 0.00 | 0.10 | 0.04 | 0.10 | 0.0

(Uyak, Toroz & Meric, 2005). Gener-
ally, the THMs content increase with the
ascent in water pH. In Tigris raw water,
pH ranged from 7.72 to 8.25, OCI is the

dominant chlorinated types, therefore,
in charge of THMs formation. The re-
lease of THMs expands a comparable
sum from OCI and the residual chlorine
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would diminish (Ye, Wang, Yang, Wei &
Xueli, 2009).

Total organic carbon approved a
significant correlation with the THMs
formation (sig. = 0.02) and (» = 0.237),
which is the expected situation since or-
ganic materials are the main precursor
material for THM formation. It found
that rising in both of content of soluble
humic materials in natural water and rate
of THMs formation similar to TOC con-
sumption (Uyak et al., 2005).

Seasonal diversity in measure of
NOM in crude water has been repre-
sented that it might play an essential part
in the THMs formation (Chowdhury,
Rodriquez & Serodes, 2010). As well
as, the relative contribution of TOC to
THMs product caused by hydrophilic
NOM fraction than hydrophobic NOM
fraction where hydrophilic NOM frac-
tion interacts more easily with chlorine
(Abdullah, Yew & Romli, 2003). Tem-
perature shows non-significant positive
correlation with THMs (» = 0.063, sig. =
= 0.303) in all the WTPs. This may be
explicated through the slow expansion in
the rate of interaction between NOM and
chlorine through expanding temperature.
The expanded measure of THMs level
through the expanding in temperature
observed to be in the range of 25-50%
(Ye et al., 2009).

On the contrary, the pH level in raw
water proved a great negative linear cor-
relation (r = —0.311, sig. = 0.004) with
THM formation, that sudden state where
THM forming is a base-catalyzed reac-
tion, which may be foreseeable to re-
duce of pH in treatment water than raw.
Many researchers stated a linear relation
between THMs formation and pH water
value (Uyak et al., 2005).

The THMs formation with the oth-
er tested parameters shows: Significant
positive linear correlation with residual
chlorine (sig. = 0.00, » = 0.343) and
electrical conductivity (sig. = 0.049, r =
=0.199). Significant negative linear cor-
relation with alkalinity (sig. = 0.007,
r =-0.294) and non-significant negative
linear correlation with turbidity (sig. =
=0.101,7=-0.154) and total solids (sig. =
=0.106, »r=-0.151).

The reasons for the inconsistent situ-
ations with the expected relationships
of THM with water parameters might
be expected to the covariation in opera-
tional parameters or associated with the
interaction among those parameters.

The obtained data from the monthly
water parameters measurement of Tigris
river raw water and the Baghdad wa-
ter supply network were used to create
a mathematical model to represent the
concentrations of TTHM in the water
supply network.

Statistical analysis of multiple regres-
sion was applied to develop this model
which is a transformed power equation
derived from multiple linear regression,
parameters are converted to logarithm
values (Sohn, Gate & Amy, 2001). The
following data were obtained for 70 sam-
ples (IV): correlation coefficient (R) equal
0.835, coefficient of determination (R?)
—0.727, adjusted coefficient of determi-
nation (adj. R?) — 0.686 and standard er-
ror (SE) — 0.38942.

The predictive mathematical mod-
el for statistical regression analysis
may be explained as follow: TTHM
equal 6.296, (TOC)*!%7  (Temp.) 2%,
(Tur‘)—0.09’ (Alk.)0'126, (pH)—0.214,
(EC)O'OSZ, (TS)_0'723, (C12 dOSC)2'427,
(R. CL,) %% Where THMs in pgl™,
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time in min, residual Cl, in mg-1"!, tem-
perature in °C, TOC in mg-1~!, turbidity
in NTU, alkalinity in mg-1"!, total sol-
ids in mg1"!, electrical conductivity in
uSm-em™' and chlorine dose in mg-17".

The previous mathematical model
can be simplified by using backward
stepwise log-linear multiple regression
analysis, which excludes the non-influ-
ential variables.

The results illustrated that the most
important parameters are TOC, tempera-
ture, turbidity, total solids, chlorine dose.
The following data were obtained for 70
samples (N): correlation coefficient (R)
equal 0.842, coefficient of determination
(R?) — 0.709, adjusted coefficient of de-
termination (adj. R?) — 0.686 and stand-
ard error (SE) — 0.3894.

The mathematical equation for this
correlation can be expressed as fol-
lows (R = 0.846): TTHM equal 7.533,
(TOC)O'Hg, (Temp.)70.553’ (Tur')70.130,
(Ts)70.625’ (C12 dose)2.169'

The calculated THMs concentrations
for backward multiple regression analy-
sis modes versus observed ones are pre-
sented in Figure 2.

Dependent Variable: InTHM

0.0
0.6 M

0.4

Expected Cum Prob

o T y T u
oo oz - 08 oE 10
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FIGURE 2. Comparison of observed and predict-

ive THMs concentration

Conclusions

This research was directed to assess
the relationship between water quality
and THM formation coming about be-
cause of water chlorination at the Bagh-
dad water supply network. Statistical
regression analysis utilizing a gradual
backward technique was utilized to build
up a mathematical model for THM for-
mation using field water samples. Corre-
lation and regression analyses for study
relation between independent variables
and THM formation demonstrated guar-
antee and connection seemed, by all
accounts, to be great. THM formation
model could be valuable with the end
goal of drinking water quality adminis-
tration and operational administration of
the treatment plant.

Likewise, the model may be utilized
as a guideline in picking suitable pro-
cedures to decrease THM and chlorine
utilization to enhance the disinfection
procedure.
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Summary

Modeling of trihalomethane com-
pounds formation in Baghdad water sup-
ply network. This study was conducted to
measure the concentrations of four trihalo-
methane compounds (THMs) in raw, treated,
and drinking water of seven water purifica-
tion plants and the residential neighborhoods
nearby in Baghdad. About 350 samples gath-
ered between January and October 2017 and
analyzed by the gas chromatography method.
Results showed that THM annual levels in
tap water ranged between 12 and 97.3 pg1”!
in winter and summer consecutively, with
a mean concentration of 60 pg-1”', these con-
centrations did not exceed the level recom-
mended by the WHO and the Iraqi standards.
Statistical modeling by SPSS software for
the formation of THM (the dependent factor)
in the water supply network was undertaken

using the measured water quality parameters
(as independent factors) and utilizing multi-
ple regression analysis. The model obtained
has a high correlation (» = 0.842) and ap-
proved that the most affecting parameters
on THM formation are total organic carbon,
temperature, turbidity, total solids, and chlo-
rine dose. The model that was derived may
be used for the purposes of choosing appro-
priate THM-reduction procedures and the
use of chlorine for improving the method of
disinfection.
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Introduction

Building a simulation model for a
water storage system is vital to check the
performance depending on the observed
and received flows to the system. Model-
ling is also crucial in seeing the extent of
dependence on the expected future per-
formance of the system under average
conditions. It is known that the observed
and received flows that enter the units of
a storage system represent only a limited
part of the spectrum of data expected to
occur in the future. A recent critical ef-
fort has created vigorous speculations
and models for the portrayal of these
flows over an assortment of execution
stages. While these models are essential
to empower repeatability, they do not use
the captured data to its maximum capac-
ity (Woodman, Hiden & Watson, 2017).

Accordingly, analysis requires the use
of a particular type of exploratory model
to prepare a hypothetical streaming flow
line (stochastic models) to include the
minimum of the spectrum of the fluctuat-
ing flow. The default outline will enable
a system operator to study the reaction
of the system in different scenarios for
the expected inventory. It is necessary
to consider that the hypothetical chains
resulting from the developmental meth-
ods must maintain at least the statistical
parameters of the first three heads of the
desired stream, namely the rate, standard
deviation and correlation coefficient be-
tween the two data parameters consecu-
tively and vice versa. However, this type
of stochastic model is hardly satisfactory
and does not depend on the flowing en-
ergy produced (Abdel-Hameed, 2003).

Karapetyan and Mamikonyan (2005)
expressed the strategy and consequences
of dynamic parameter estimation for seis-
mic soundness assurance in the working
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Geghardalich water stockpiling dam in
the Republic of Armenia. By trial hy-
pothetical techniques, the epures of ex-
pected maximal horizontal accelerations
(EMHA) were built on dam area height
in its various profiles. The article’s fun-
damental guidelines can be utilized in
the observation of other hydropower de-
velopments and nuclear power plants.

A study by Heuts and Anderson
(1976) discussed time series analysis
in general and for overall forecasting,
focussing on the Box—Jenkins method.
The method features an autoregressive
integrated moving average (ARIMA)
and the rate autoregression (AR), which
includes self-correlation and a mov-
ing average (MA). Anderson found that
ARIMA can express well some hydro-
logical activities, including the flow of
water in a river, which is the subject of
interest in the current research.

Howlett, Piantadosi and Pearce
(2005) considered the administration
of water stockpiling in two associated
dams. The main dam is intended to catch
storm water created by precipitation.
Water is siphoned from the main dam to
the subsequent dam and is in this manner
provided to clients. There is no imme-
diate admission of tempest water to the
subsequent dam. We accept the irregu-
lar timings of precipitation as a known
probability distribution and wish to dis-
cover functional siphoning arrangements
from the catch dam to the inventory dam
to limit flooding.

Pereira, Oliveira, Costa and Kelman
(1984) developed a model for generating
monthly flows for a hydroelectric gener-
ation system in Brazil, which is produced
from a group of large reservoirs that have
a high storage capacity. Kim and Heo

(1997) studied the monthly operating
rules for a water storage system located
on the Han river in South Korea, which
includes three main reservoirs that play
an important role in preventing floods.
The authors’ research was referenced
for this work to study the autoregressive
moving average model — ARMA (1,1),
data to generate monthly flow. Naggar
(1999) used the Thomas—Fiering and
ARMA (1,1) models to generate month-
ly flows for a time series covering about
700 years for five rivers in Iraq (Dajla,
Al-Azb Al-Kabeer, Al-Azib Al-Sagheer,
Al-Azim and Diyala). Naggar (1999)
then used these data to simulate growth
for the operating systems of the Euphra-
tes and Tigris rivers.

Al-Mamosi (2007) used the Tho-
mas—Fiering and ARIMA models to
generate the flow for the two stations of
Asakkalak and Mankoba on the Al-Azb,
Al-Aalaa and the Khazir rivers, respec-
tively, as examples of permanent flow-
ing rivers. The author examined the al-
-Matheeq station on the Al-Azim river as
an example of a seasonal river. There are
many attempts that have been done for
generating discharge data. These works,
however, have not focussed on details
indicating that the generating chains are
descended from the statistical communi-
ty itself as a product of the system. That
is, the data for the observed chains was
used in the generation of the data, which
is why these generations do not refer to
these parameters. The model must con-
form to the observed parameters of the
chains if researchers want to rely on the
outputs of these generation models.

In addition, this study confirms the
relative conformity of the statistical fea-
tures that have been calculated with the
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generated flow data. The results conform
with their counterparts returning to the
observed flow data, ensuring the model
is appropriate and reliable in generating
new flow data.

Bormann and Martinez (2014) in-
vestigated important attributes and dis-
tinguished appropriate markers to be
used to appraise the appropriateness of
existing dams and supplies for introduc-
ing an extra siphoned vitality stockpil-
ing framework. The indicators incorpo-
rate physical and natural attributes. An
impact investigation and a conflict ex-
amination for previously existing water
employments for single or multipurpose
dams altered the analysis. In light of the
markers discovered as well as possible
conflicts, an indicator-based system was
created. The framework described a pro-
cedure to examine the appropriateness
of existing dams for vitality stockpiling,
measuring the physical possibilities of
a site, considering the ecological limita-
tions and establishing requirements re-
garding compromises among competing
water employments.

Bormann, Ahlhorn and Klenke
(2012) conducted a participatory inves-
tigation of network methods to handle
provincial adjustments to environmental
changes. Options for adapting water man-
agement in response to regional changes
of climate were developed. Partners
representing the Wesermarsch County
in northern Germany participated in the
study, which developed plans looking to
2050. Data on expected local environ-
mental changes and a study modelling
hydrological changes indicated that the
adjustment of water management would
be necessary until 2050. A provincial
stakeholder discussion defined a vision

of how the Wesermarsch should appear
in 2050. Both regional partners and re-
searchers took a dynamic part in the par-
ticipatory learning process as required
by European Union (EU) mandates.

Buenoa and Carta (2006) proposed
the establishment on Gran Canaria is-
land (Canarian Archipelago) of a suit-
ably managed, wind-powered, siphoned
hydro capacity framework. The findings
from the use of an optimal financial model
for such a framework demonstrated that
influx of renewable energy could be ex-
panded by 1.93% (52.55 GWh-year ) at
a reasonable expense for the unit vitality
provided. These outcomes assumed the
use of the two most expansive reservoirs
on the island (with a height difference of
281 m and a limit of around 5 million m?
each) as capacity stores.

Anagnostopoulos and Papantonis
(2008) presented a quantitative meth-
odology for the ideal sizing of different
segments of a reversible hydraulic sys-
tem intended to recoup electric power
from wind farms that have been dis-
missed because of limits to the power
grid. The method was applied to formu-
late a functional case utilizing time-vari-
ance information of the dismissed force
from various wind farms on the island of
Crete, Greece. The outcomes indicated
that an all-around upgraded configura-
tion might be essential for the technical
and financial suitability of the inspected
framework.

Ding, Hu and Song (2012) proposed
another coordination activity method for a
wind farm (WF) and pumped-hydro stor-
age plant (PHSP) in view of day-ahead
wind power yield estimates. A determin-
istic, mixed-integer programming (MIP)
definition was fabricated considering the
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imperatives of unit absolute start-up and
shutdown frequencies, and also unit state
rejection among generating and pumping.
Moreover, the paper describes the chance-
-limited and situation-based streamlining
formulations to manage errors in project-
ed wind power. Sensitivity analyses and
case studies showed that the coordination
of WF and PHSP could ease the negative
impact of wind power changes on the
power network while raising profits.

This study was carried out on the Mo-
sul reservoir to exploring the capability of
the future system to generate hydroelec-
tric power using a simulation by Simulink
technique on the MATLAB platform.

Material and methods

Study area

The Mosul dam reservoir is located
on the northern Tigris river, about 50 km
from Mosul city. The area of the feeding
basin in the upstream of the reservoir is
50,200 kmz, and the design of the dam
is six units for generating hydroelec-
tric power with a maximum capacity of
1,536 MW (Al-Gazzal, 2002). The reser-
voir can be considered as multipurpose,
including developing the tourism sector
in [raq, generating hydropower, control-
ling floods, and feeding an irrigation area
of about 2.26 million acres.

Model simulation

A model was built to simulate the
northern storage system (Fig. 1), provided
by Simulink software and using various
simulation techniques on MATLAB sys-
tems. The technology is represented by a

set of ready-made templates (icons). These
templates are logically linked so that the
model represents the system to be studied
realistically. Note this technology is new in
the application of water resources in gen-
eral and the operation of storage systems in
particular (Al-Mohsen, 2008). The model
can take advantage of the capabilities of
Simulink, which are mainly based on high-
quality MATLAB software that focuses on
processing mathematical vectors and ma-
trices in a highly efficient manner.

To know more about the operation
of this technology, one can refer to an
attached Simulink library (MATLAB,
2004). The current research focuses on
the topic of future performance of the
system for hydroelectric generation, and
not on the simulation model used to eval-
uate this performance for the purpose of
identifying the details of a problem (Al-
-Ageli, 2009).

The simulation model has been in
operation for a period of 30 months,
from June 2015 to July 2018, represent-
ing the period for the actual operation of
the Mosul reservoir (depending on op-
erational data). To verify its results with
the observed data, the simulation process
was done as follows: operating the Mo-
sul reservoir, depending on the observed
data (incoming flow and the volume of
releases from the reservoir), adding the
water produced from the runoff surface
from the bottom of the reservoir to the
Al-Fattah region by adopting the one-
-way method that depends on unit runoff
output (Kottagoda, 1980).

After the above operation and cali-
bration process, the generation of month-
ly flow chains to the unit of the system
was performed.
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FIGURE 1. The storage system units using the technology (Simulink)

Stochastic model

Kottagoda (1980) declared many sto-
chastic models, such as Markov, ARMA
and ARIMA of different ranks. However,
the difficulty in adopting and selecting
any of these models lies in understand-
ing the effectiveness of the product, that
is, the time series to be modelled. The
ARMA model is valid for a stationary
time series model (non-change of the
statistical parameters of effectiveness
with time), whereas ARIMA models are
successful in the non-stationary time se-
ries (changing the statistical parameters
of effectiveness with time).

The Thomas—Fiering model has
proven its high potential as a model for
the monthly time flows for many rivers
(Thomas & Feiring, 1962). The Tho-
mas—Fiering model is considered one of
the images of the Markov model from
the first rank. Clarke (1984) has recom-

mended using this method when mod-
elling the time series in river flow and
generating it when the model is in the
middle of the month. Accordingly, the
Thomas—Fiering model was chosen in
this research to generate time series for
the monthly flow coming into the units of
the Mosul storage system, where Equa-
tion (1) shows the mathematical formula
for this model.

Q1 = 0y +b,(Q = 0) + 4,0, (1= 1)

)
where:
0;+1 — flow in month 7 +1,
Qj +1 — average of flow in month j + 1,
b; — gradient of line between the flow in
month j + 1 and the flow in month j,
Q; — flow in month i,
0O, —average of flows in month ,
t; —normal random function,
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Oj+1 — standard deviation for flows in
month j + 1,
rj2 — correlation coefficient between

flows of months j and j + 1.

Also, note that most (if not all) sto-
chastic models used to generate flows
are based on the hypothesis that observed
flows used to build the model are subject
to a normal distribution. Thus, this con-
dition must be verified and guaranteed
before initiating steps to build a repro-
ductive model. If a normal distribution is
not the case, resorting to the method of
transformation as prepared by Box—Cox
(see Eq. 2) is considered an approved
method for converting the monitored
flows into a distribution (Clarke, 1984).
This transformation is used here and giv-
en by the following equation:

A_
=D @)

where:

Y; — monthly flow after transforming to
a normal distribution,

X tz — observed monthly flow,
A-1ZA< 1

Observed and registered flows are
available for each of the Tigris river at the
Mosul station and the metering station in
Askye-Klak on the top Al-Zab and the
Mankoba station on the lower Zab for a
period of 816 months from June 1931 to
September 1999. A set of flow chains has
been generated and is statistically com-
pared with the chains monitored for the
extent of knowledge of the validity of the
approved model in generating monthly
flow expenses.

Application of the Thomas—Fiering
model

Depending on the values resulting
from the transformation process and sub-
ject to the normal distribution, the SPSS
program was used to calculate the statis-
tical parameters used in the Thomas—Fi-
ering model, which was formulated in
Equation (1). This model includes both
the mean and standard deviation for each
month separately, and the correlation
coefficient and regression coefficient
between every two consecutive months.
Simulink techniques were used for rep-
resenting the Thomas—Fiering model de-
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FIGURE 2. The general plan for the Thomas—Fiering model using Simulink
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pending on the statistical data calculated
to generate ten strings along the same
observed string, which is 816 months.
Figure 2 shows the general plan for the
Thomas—Fiering model using Simulink.

Results and discussion

Testing the suitability of the proposed
model

For testing the suitability of the pro-
posed model and its fit in the generation
of monthly flow strings, the SPSS.10
program was used to calculate the four
main statistical parameters. The first was
for the observed flow (average, standard
deviation, the correlation coefficient be-
tween two consecutive months and the
skewness coefficient). The same statis-

tical parameters were then used for the
ten generating chains. Table 1 lists the
results obtained and compares the sta-
tistical parameters of the observatory
and generator stream and the measuring
station of the conductor discharge for
clarification.

Based on these results, the model
was deemed appropriate and could be
to be reliable in generating monthly ex-
penses for the flow.

Evaluating the performance
of the system using the observed flows
and generated chains

A simulation model of the storage
system was used. At this stage, the res-
ervoirs were operated virtually during a
period of 84 years from October 1931
to September 2015. The simulation goal

TABLE 1. Statistical parameters of the observatory from 1931-2015 and the generator stream and

Mosul measuring station

Month R R’ SC, SC, ST, ST, AV, AV,

Oct. 0.363 0.344 | 23379 | 13545 | 22622 | 983.38 | 481.84 | 493380
Nov 0.432 0.592 | 2.8357 | 2.6121 | 411.03 | 45533 | 727.13 | 770379
Dec. 0.412 0.636 | 2.7638 | 23848 | 794.95 | 80337 | 1152.59 | 93368
June 0.677 0.585 | 1.7181 | 1.5779 | 875.96 | 887.37 | 1464.26 | 1440.34
Feb. 0.556 0.5 1.0486 | 0.8939 | 848.67 | 84333 | 1873.19 | 1851.33
March 0.586 0.595 | 1.6432 | 1.6001 | 1489.44 |3793.86 | 3 146.29 | 3 159.31
April 0.808 0.771 | 0.8721 | 09183 | 1738.72 | 7883.13 | 4 507.54 | 4 499.38
May 0.910 0.909 | 1.0220 | 1.0145 | 1834.65 | 8533.71 | 4072.24 | 4 173.38
June 0.951 0.951 | 0.7860 | 0.9374 | 721.77 | 73431 | 1754.59 | 1756.39
July 0.926 0.926 | 0.6121 | 0.7296 | 27826 | 88630 | 772.47 | 770.31
Aug. 0.960 0.957 | 0.6792 | 0.5279 | 141.78 | 403.41 | 44725 | 44530
Sep. 0.081 0.173 | 0.8131 | 0.5418 | 10434 | 10351 | 362.66 | 361.39

R,% - correlation coefficient between generated flow and the flow of next month; R, — correlation coef-
ficient between observed flow and the flow of next month; SC; — skewness coefficient for generated
flows; SC, — skewness coefficient for observed flows; S7| — standard deviation for generated flows;
ST, — standard deviation for observed flows; 4V, — average for generated flows; 4V, — average for

observed flows.
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was to identify the capacity generated
from the reservoir using the observed
flow and the generated flow chains. The
simulation model was run eleven times.
In the first stage, the model was run us-
ing the observed incoming and outgoing
flows to the Mosul reservoir. In the sec-
ond phase, the form was run ten times
using chains that were generated con-
secutively. Since the reservoir operates
by default during this period, a volume
has been determined that releases from
the reservoir dependent on regularly pro-
viding the volume of monthly water re-
quirements and ensuring the production
of the highest possible hydropower.

By operating the simulation model in
the manner described above, the average
capacity generated per month for the ob-
served flow was calculated. The chains
as well as the average annual energy
generated from the reservoir are shown
in Table 2.

Depending on the results obtained,
the generated chains have succeeded

TABLE 2. Average annual energy from Mosul re-
servoir using observed flows from 1931-2015

Specification Flow [MW-h']
Observed 2370588
1" generation chain 2308 676
2" generation chain 2312353
3" generation chain 2280 735
4 generation chain 2501 470
5™ generation chain 2388529
6 generation chain 2375 147
7™ generation chain 2386323
8™ generation chain 2328970
9" generation chain 2363 382
10™ generation chain 2330 147
Average of all 2357573

in efficiently generating the expected
hydroelectric power from the system.
The theoretical potential for generating
hydroelectric power of the conductor
reservoir is 2.4 x 106 MW-h™! for one
year. This figure was derived by observ-
ing the generation quantities calculated,
either from the observed expenditures
or the generated chains. Therefore, half
of the capacity of the basin in hydro-
electric generation can be obtained. It is
well known that Iraq’s need for electrical
capacity as a whole is within the limits
of (12,000 MW). This system can cover
1,500 MW, meaning it can meet about
12% of the country’s electricity needs.

Conclusions

1. Simulink technologies provided by
MATLAB software are considered
modern technologies, successfully
used in many different engineering
fields. The model performed well
in simulating the water storage sys-
tem as well as in building the Tho-
mas—Fiering Model for generating
expected flow data.

2. Findings revealed that the flow lines
generated using the Thomas—Fiering
model maintained major statistical
parameters of the observed data used
in the generation, and thus can be re-
lied upon in extrapolating future per-
formance of the storage system for
generating hydroelectric power.

3. At 1.5 GW, the storage system of the
Mosul reservoir covers a significant
percentage of the overall electric-
ity supply in Iraq, particularly at the
present time.
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Summary

Stochastic analysis for prediction of
future performance of Mosul storage. An
investigation of the Mosul reservoir system
within the Tigris river basin in Iraq was con-
ducted to determine the ability of the system
to generate hydroelectric power. A reproduc-
tion model utilizing the Simulink environ-
ment on the MATLAB platform was used
to imitate the Mosul reservoir system. The
reliability of the system under various future
scenarios of data sources was also examined
by employing a stochastic model used to cre-
ate an inflow time series. The Thomas—Fier-
ing model was chosen for this reason, which
provided a wide range of data sources (in-

flows) to generate hydropower from the
reservoir system under examination. Gen-
erally, the annual potential capacity of the
Mosul basin for energy generation reaches
20,000 GW-h™!. Realizing that Iraq’s energy
requirements are approximately 12 GW of
power, and the integrating power produc-
tion of the basin under examination is about
1.5 GW, this would cover around 12% of the
total demand, which is significant.
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Introduction

Water is well known as the main
constituent of Earth’s streams, lakes, and
oceans, and the fluids of most of earth
organisms. It is essential for all known
forms of life. During the last decades
of the 20th century polluted water has
started to become a universal grave issue
and surface water quality is becoming
a real global concern (Witek & Jarosie-
wicz, 2009). Human existence, develop-
ment and well-being have always been
linked to water (Eulisse, 2010; Reza &
Singh, 2010). Over two thirds of Earth’s

surface are covered by water, which rep-
resent about 71% of the Earth’s surface,
and more than 96% of this water is sa-
line. Over 68% of freshwater is in ice
and glaciers and 30% is confined in the
ground. The rest (about 1.2%) represent
the fresh surface-water sources, such as
rivers and lakes (Shiklomanov, 1993).
Rivers are considered the most impor-
tant sources of surface water on Earth.
They are play a significant role in all hu-
man activities, like agriculture, drinking,
irrigation, industry, and domestic work.
Many industries rely in their processes
on water, and about 40% of food supply
around the world is grown under irriga-
tion (BCAS, 2000). However, all these
activities have posed a major threat to
the quality of the river’s water in many
countries around the world particularly
in developing countries and some drink-

Assessment of Lower Zab river water quality using both Canadian Water...

1556



ing water supplies have become con-
taminated (Akoto & Adiyiah, 2007). The
United Nations reports pointed that a
child dies every 8 second as a result of
a water-related illness (Al-Adawi, 2005).
As noted by the World Health Organiza-
tion (WHO), 3.4 million people, mostly
children, die annually from water-related
diseases (WHO, 2001). Beside the an-
thropogenic influences such as urban, in-
dustrial, and agricultural activities, there
are many factors that affect water qual-
ity characteristics such as natural proc-
esses like climate, precipitation inputs
and catchment area, tectonic, erosion of
crustal materials and bedrock geology, in
combine with the influence of the envi-
ronment (Glinska-Lewczuk, 2006; Nas,
Bayram, Nas & Bulut, 2008; Kasiarova
& Feszterova, 2010).

Therefore, many studies conducted
to evaluate water quality index in dif-
ferent rivers and water bodies around
the world. The importance of the water
quality index is emerged through provid-
ing data base about quality of the water
source, and explain the change in the
water quality over a period of time, as
well as finding the degree of pollution
of a water body (Al-Heety, Turki & Al-
-Othman, 2011; Phadatare & Gawande,
2016). The pollution of Iraqi waters
is one of the major problems that have
started to appear and have increased.
This necessitates serious thinking to find
ways to combat and minimize the water
pollution, especially as the rivers and
lakes attract human communities and of-
ten most of the villages and cities in Iraq
are located on the edges of rivers and
lakes (Shahin, 2007). As the river was
a source of all the requirements of peo-
ple from water in return were dumping

waste and wastewater to this river, which
led to pollution of river.

Thus, the current study involved de-
termination of physicochemical and bio-
logical parameters of Lower Zab river
in Kirkuk city at different points. This
study aims to evaluate the water quality
of Lower Zab river by analyzing of some
selected water quality parameters like:
pH, total dissolved solids, biochemical
oxygen demand, dissolved oxygen, tur-
bidity, electrical conductivity, alkalinity,
and salinity etc., and compare the results
with the Canadian Council of Ministers
of the Environment (CCME) and the Na-
tional Sanitation Foundation (NSF) wa-
ter quality index (CCME, 2001).

Material and methods

Study area

In Iraq there are two main rivers con-
sidered the lifeline of the country. Tigris
is the eastern of the two great rivers that
define Mesopotamia, the other being
the Euphrates (Frenken, 2009). Flowing
into the Tigris river, within the borders
of Iraq, a large group of tributaries sup-
plying more than half of the Tigris in the
flood season, scattered in the territory of
Turkey, Iran and Iraq, the most impor-
tant Khabur, Great Zab, Lower Zab, Al-
-Adhaim, and Diyala. Lower Zab river
(also named as Little Zab) is one of the
five main catchments in Northern Iraq
(Frenken, 2009; Saeedrashed & Guven,
2013). The Lower Zab begins in Iran in
a mountainous range which is part of the
Zagros mountains (Kliot, 2005; Frenk-
en, 2009). Its equipped with the Dukan
Dam (6.8 km®) in Sulaymaniyah city in
Iraq (Frenken, 2009). The river basin of
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21,475 km? generates about 7.17 km?, of
which 5.07 km? of annual safe yield af-
ter buildup Dokan Dam (Frenken, 2009).
The total length of the river is 400 km
(Kassim, Sabri & Salman, 2007; Shahin,
2007; Jabar, 2008). The Lower Zab river
is lying between the geographic coor-
dinates of SN latitude 35.16° to 36.79°
and WE longitude 43.39° to 46.26°, and
it is going over within the administrative
boundaries of the governorates: Erbil,
Sulaymaniyah, and Kirkuk (Saeedrashed
& Guven, 2013). About 30 km north of
Fatha, the Lower Zab joins the river Ti-
gris (Al-Ansari, 2016). The river water
depends on the melting of snow in the
mountains and the amount of rainfall,
which fluctuates from year to year ac-
cording to climatic conditions, where
the water level is the highest level in the
spring because of melting snow and less
in the summer. The Lower Zab river is
the major source for drinking water in
Kirkuk Governorate, as well as for agri-
culture and irrigation in the region.

The study of the water quality in-
dex of the Lower Zab river within the
administrative boundaries of Kirkuk
Governorate, where two monitoring
points are adopted for the purpose of
modeling. These points approved by
the Ministry of health and environment
in Iraq — Directorate of Protection and
Improvement of the Environment of the
Northern Region. The monitoring sta-
tions were adopted within the geographi-
cal area of the province of Kirkuk, which
is LZ2 (Lower Zab station 2) and LZ3
(Lower Zab station 3). The first monitor-
ing point (LZ2) is located in Alton Kobri
(GPS coordinates 35.76053 N, 44.14189
E) which is a small town located north-
west of Kirkuk city and it is about

40-kilometer distance. The second
monitoring point (LZ3) located in Dibs
District (GPS coordinates 35.68447 N,
44.07072 E) about 35 km northwestern
Kirkuk city (Fig. 1).

’].Z 2
®
@'%

LZ3 @

A T W
Kirkuk City
Centre

S

Klr‘tug
Google s

FIGURE 1. Location of stations on the Lower Zab
river

Many human and industrial activities
taking place near the Lower Zab river and
along the riverbed, like the discharges of
the power plant of Dibs and the residues
of stone quarries and block factories are
considered threats to the quality of wa-
ter in the Zab river. Also, the existence
of agricultural fields near the riverbed
which affects the increase of pollution
by returning the water used for irriga-
tion to the riverbed, which is loaded with
pollutants of fertilizers and salts. In ad-
dition, there is a discharge of Karwanchi
Beverage Factory (Soft drink factory),
which is disposed to the Lower Zab river
in the area confined between LZ2 and
LZ3. The main problem that cause pollu-
tion in the Lower Zab river are from the
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TABLE 1. Location and name of the polluting activity of the Lower Zab river

Location Waste type Symbol
Kirkuk — Alton Kubri untreated sewage water of residential houses A
Kirkuk — Dibs untreated sewage water of residential houses B
Kirkuk — Karwanchi Group Company |— treated sewage water C
for Soft Drink Juices Water — untreated industrial wastewater

discharging the sewage water of Hawija,
Debs, Alton Kubri and Zab areas directly
into the river body. All these places do
not have sanitation projects. All the pol-
luting activity between the LZ2 and LZ3
are listed in Table 1.

Sample collection

Raw water samples were collected
from the Lower Zab river twice a month by
one sample every 15 days from each sta-
tion. The samples collected from January
2013 to March 2019. Water samples were
taken from about 3 to 4 m from the edge of
the river at a depth of 20-30 cm from the
water surface of the river. The water qual-
ity data include 16 parameters: pH, dis-
solved oxygen (DO), biochemical oxygen
demand (BOD), phosphates (POy), nitrate
(NO3), calcium (Ca), magnesium (Mg),
total hardness (TH), potassium (K), so-
dium (Na), sulfates (SOy), chlorides (Cl),
total dissolved solids (TDS), electrical
conductivity (EC), alkalinity (ALK), and
turbidity (TRUB). The data of the sixteen
parameters included in this study was ob-
tained from Directorate of Protection and
Improvement of the Environment — North-
ern Region (Kirkuk, Iraq). The standard
used here was the Canadian Drinking Wa-
ter Guidelines and if there was no Cana-
dian standard, Iraqi standard for drinking
water or the World Health Organization
guidelines are used (IQS 417, 2009; WHO,
2017). Collected samples were taken by

sterilized bottles from the middle of the
stream. Tests were carried out following

the American Public Health Association
(APHA, 1995) standard methods.

Water quality indices calculations

A number of water quality indices
have been formulated over the last five
decades. First formulated of WQI was
by Horton (1965). It is commonly used
for the detection and estimating of water
pollution based on several quality param-
eters (Horton, 1965). This index provides
a single number which expresses overall
water quality at a certain location and
time by simplify complex data into sim-
ple information that is easy to understand
and usable by the public (Schultz, 2001).
Many WQI studies have been conducted
all over the world in different countries,
they were reported in literature by many
researchers (Brown, McClelland, Dein-
inger & Tozer, 1970; Fulazzaky, 2009;
Tyagi, Sharma, Singh & Dobhal, 2013;
Gupta, Pandey & Hussain, 2017). Many
studies developed numerous water qual-
ity indicators to provide a convenient
way to summarize water quality data,
each using different group of analytes
(House & Ellis, 1987). In this study two
water quality methods used to assess the
quality of Lower Zab river (NFS Method
and CCME Method).
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National Sanitation Foundation
(NFS)

The NFS WQI is a commonly-used
water quality index developed by the Na-
tional Sanitation Foundation in 1970 to
provide a standardized way to compare
the water quality of different water bod-
ies. In this method, weight was assigned
for each parameter where the sum of the
weights is equal to one (Brown et al.,
1970). The water quality results can be
reported using descriptive words to sum-
marize the data into one of five classes,
ranging from “very bad” to “excellent”
(Ott, 1978). This type of WQI ignores
the type of water consumption, therefore
it can be used for various water bodies
types (Ott, 1978). It is useful for estimat-
ing spatial and temporal changes and
classify the quality of river water (Reza
& Singh, 2010), and groundwater source
(Rajankar, Gulhane, Tambekar, Ramteke
& Wate, 2009).

The NFS WQI is designed to include
nine parameters, they are dissolved oxy-
gen (DO), five-day biochemical oxygen
demand (BODs), nitrate, total phosphate,
temperature, turbidity, fecal coliform,
and total solids (Brown et al., 1970). It
can still be calculated if there are some
missing parameters (Srivastava & Ku-
mar, 2013), or further parameters more
than nine (Kumar & Alappat, 2009;
Ewaid, Abed & Kadhum, 2018). When
it is difficult to find the concentration of
all nine quality parameters, the weight of
the missing parameters will be distrib-
uted over other parameters based on the
weight of each parameter in the index.

The result of WQI with missing pa-
rameters will be different from the real re-
sult if all the nine parameters adopted, but

the difference is very low that made the
classification of quality index still in the
same class (Srivastava & Kumar, 2013).
However, it is clear that choosing a small
number of water quality parameters are
not met the objectives well, while if a large
number of parameters are used a different
picture will be provide (CCME, 2001). In
the literature some researchers used fewer
than nine variables in water quality stud-
ies (Al-Mutairi, Abahussain & El-Bat-
tay, 2014; Gupta et al., 2017; Ebuete &
Ebuete, 2018). While others used more
variables to obtain a more comprehensive
picture of water quality (Alobaidy, Abid
& Maulood, 2010; Ewaid et al., 2018).
The parameters and their corresponding
weights are listed in Table 2 (Kumar &
Alappat, 2009; Ewaid et al., 2018).

The mathematical equations for WQI
are given as follows:

0 = ( Qactual — Qideal }100 (1)
1

Qstandard - Qideal
NSFWQI =3 "\ W0, @
where:
Q; — sub-index for i water quality
parameter,

n —number of water quality parameter,
W;—weight (in terms of importance) asso-
ciated with i™ water quality parameter.

The Canadian Council
of Ministers of the Environment
(CCME)

The CCME WAI Method is a widely
used and globally accepted model for
assessing the water quality (Khan, Pa-
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TABLE 2. NSF WQI parameters and weights (Ott, 1978; Kumar & Alappat, 2009; Batabyal & Chakra-

borty, 2015; Ewaid et al., 2018)

Relative
Assigned weight
Parameter Unit W(evig)ht W= # Standard Reference
i W,
pH - 4.33 0.0894 6.5-8.5 -
Dissolved oxygen (DO) 4.59 0.0947 4.0-6.5 -
gé‘g;izy(gg‘]’)hs‘zm‘cal oxygen 3.88 0.0801 3 WHO, 2017
Phosphates (PO4) concentration 3.89 0.0803 0.4 1QS 417, 2009
Nitrate (NO3) concentration 3.8 0.0784 1 -
Calcium (Ca) concentration 1.96 0.0405 25 -
Magnesium (Mg) concentration mg1! 1.76 0.0363 50 -
Total hardness (TH) 2.84 0.0586 250 —
Potassium (K) concentration 0.94 0.0194 8 -
Sodium (Na) concentration 0.94 0.0194 20 -
Sulfates (SO4) concentration 2.64 0.0545 250 1QS 417, 2009
Chlorides (Cl) concentration 343 0.0708 250 -
Total dissolved solids (TDS) 3.63 0.0749 450 -
Electrical conductivity (EC) pS-em™! 3.22 0.0665 1 600 -
Alkalinity (ALK) mg1! 3.13 0.0646 250 WHO, 2017
Turbidity (TRUB) NTU 3.47 0.0716 5 -

TABLE 3. Water Quality Index (WQI) ranges
(Batabyal & Chakraborty, 2015)

Criteria WQI range
Excellent 0-50
Good 50-100
Poor 100-200
Very poor 200-300
Unsuitable for drinking > 300

terson & Khan, 2004). It is based on a
formula developed by the British Co-
lumbia Ministry of Environment, Lands
and Parks and modified by Alberta Envi-
ronment (CCME, 2001). This index has

been extensively used in water quality
studies because its flexibility in terms
of the type and number of variables se-
lected for testing quality of water and the
type of water body, also the time period
of application. Another advantage of this
model is enabling the researchers to use
the national standards for water quality
(A.A. Khan, Tobin, Paterson, Khan &
Warren, 2005). Many studies have been
conducted to determine water quality in
different countries (Khan et al., 2004;
Lumb, Halliwell & Sharma, 2006; Damo
& Icka, 2013; Munna, Chowdhury,
Ahmed, Chowdhury & Alom, 2013; Ma-
hagamage & Manage, 2014; Gupta et al.,
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2017). The CCME WQI model consists

of three factors:

1. Scope: represents the number of
variables that do not meet their
objectives.

2. Frequency: represents the number of
times these objectives are not met.

3. Amplitude: represents the amount by
which the objectives are not met.
These factors produce a number

value (from 0 to 100) refers to the total

water quality for the water body, where

0 represents the “worst” and 100 repre-

sents the “best” value for water quality

(CCME, 2001; H. Khan, Khan & Hall,

2005; Lumb et al., 2006; Panduranga

Murthy & Hosmani, 2009). The for-

mulation of the WQI as described in

the Canadian Water Quality Index 1.0

— Technical Report, is shown in the fol-

lowing equations (Munna et al., 2013):

The measure for scope is 7. This rep-

resents the number of variables whose

value does not match the objectives over
the study time period.

P number of failed variables 100
total number of variables

3)

The measure for frequency is Fj.

This represents the failed tests which is

the percentage of individual tests that do
not meet objectives.

o number of failed tests
total number of tests

JIOO 4)

The measure for amplitude is F73. This
represents the number of failed test val-
ues that do not meet their objectives. This
step consists of several phases. Initially
calculation of Excursion, the number of

times by which the test value is greater
than the objective, the excursion calcu-
lated from the following equation

failed test value
guidelinevalue

leO (5)

excursion = E

For the cases in which the test value is
less than the objective, formula (6) is used

. guidelinevalue
excursion=| =—— =1 (6)
failed testvalue

The normalized sum of excursions
(nse) can be calcalated by equation (7)

n .
z . excursion

= O (7)

number of tests

nse =

Finally, the amplitude (F3) can be
found from equation (8)

nse

T 0.01nse+0.01

The CCME WQI is then calculated
as shown in the following equation

VR + P+ F
woI =100 —| ~¥—— =2

1.732

®)

F3

€))

then the value of water quality can be
ranked by relating it to one of the five
categories set out in Table 4.

The main pollution parameters
that considered for surface water qual-
ity management in this work include 16
parameters: turbidity (TRUB), pH, dis-
solved oxygen (DO), five-day biochemi-
cal oxygen demand (BODjs), total dis-
solved solids (TDS), total hardness (TH),
electrical conductivity (EC), alkalinity
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TABLE 4. CCME WQI categorization schema
(CCME, 2001; H. Khan et al., 2005)

Category WQI Status
1 95-100 excellent
2 80-94 good
3 65-79 fair
4 45-64 marginal
5 0-44 poor

(ALK), concentration of: nitrate (NO3),
phosphorus (POy), calcium (Ca), mag-
nesium (Mg), sulfates (SO,), potassium
(K), sodium (Na), and chlorides (CI).

100

Result and discussion

The results for the descriptive data of
the 16 water quality variables (pH, DO,
BOD, TDS, EC, ALK, TH, TRUB, con-
centration of POy, NO3, Ca, Mg, K, Na,
SOy, Cl), which were measured twice a
month during sampling period of seven
years (from 2013 to 2019) at two sta-
tions on the Lower Zab river, were ana-
lyzed and presented in Figures 2, 3, 4,
and 5. The investigation of the physical
and chemical parameters results gives
a broad understanding for water quality
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FIGURE 2. Trend of calcium, magnesium, total hardness, sulfates, TDS, EC, alkalinity, and turbidity
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of the river by finding out the parame-
ters responsible for detraction the water
quality.

The results show that all parameters
values were within the standards of drink-
ing water proposed by the CCME stand-
ards (2001), Iraqi standards (IQS 417,
2009), and the WHO standards (WHO,
2017) for drinking purpose, except tur-
bidity, dissolved oxygen, concentra-
tion of nitrate and calcium, which were

mostly higher than the standards and oc-
casionally biochemical oxygen demand
and concentration of potassium.

The pH measure reflects the acid
content of the water source. According
to the standards produced by the CCME,
the WHO, and Iraq standards for drinking
water (IQS 417, 2009), the range of pH
lies between 6.5 and 8.5. Alkaline water
with pH level higher than 8.5 is produce
salty taste for water and caused eye ir-
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ritation. If the pH is less than 6.5 water
produce sour taste and classified as acidic
water. Acidity water does not have useful
minerals for human body (Nollet, 2004;
Kumari, Sudhakar, Sri, & Sree, 2011). In
this study, the pH values ranged from 7.7
to 8.38 which follow the standards given
by the CCME, the WHO, and the Cen-
tral Organization for Standardization and
Quality Control (COSQC). That narrow
range of pH variation of pH indicates a
slightly alkaline water (Rabee, Abdul-
-Kareem & Al-Dhamin, 2011).

Dissolved oxygen is an important
parameter in calculation of water quality,
it reveals the amount of free oxygen (O,)
dissolved in water which is necessary for
sustaining and support aquatic life, so is
human life (Chang, 2005). The dissolve
oxygen standard requisites for aquatic
life is 4 mg1™', and for drinking pur-
poses it is 6 mg1™' (Alam, Islam, Muy-
en, Mamun & Islam, 2007). The maxi-
mum and minimum values for DO in
the current study were between 7.57 and
10.8 mg-I"!, which means that all values
of DO in water samples are above the
recommended permissible limits. Gener-
ally, a higher DO level indicates better
water quality.

Biochemical oxygen demand levels
measured were between 0.33 and 8.37
mg1™'. BOD is the amount of oxygen re-
quired to dismantle domestic and indus-
trial pollutants present in the water source
(De, 2003). According to WHO drinking
water standard, BOD level of 3 mg1™! is
accepted and should not exceed 6 mg-1™".
In the current study all the values of BOD
were within the standards except in July
(2013) were 8.37 and 8.22 for both moni-
toring stations (LZ2 and LZ3). Also, in
November the BOD value was 4.3 for

LZ3 for the same year. The high values of
BOD attributed to the existence of untreat-
ed wastewater flowing into river body.

Total hardness values were all in
the range of the permissible limits, the
minimum value of (150 mg-1™") recorded
in December (2013) and the maximum
(235 mg-1™") was in March (2018).

Total dissolved solids is the measure
of the solid materials dissolved in the
water sample. High levels of TDS causes
harm effect to the public health as well
as fish and aquatic plants. A serious dan-
ger can infect the nervous system of the
human body by causing paralysis of the
tongue, lips, face (Chang, 2005). In this
study the range of TDS falls between
292 and 151 mg-1™!, which is within the
recommended value of 500 mgl™! by
the CCME (2001) and the WHO (2017)
standards for water quality and specifica-
tion limit for drinking water.

The electrical conductivity varies
from 221.5 to 432 pS-em™; and it is lies
within the standards of drinking water.

The total alkalinity of water in this
study ranged from 117 to 210 mgl™,
which is within the CCME (2001) stand-
ards of drinking water quality.

The TDS, TH, TA and EC parameters
indicate the status of inorganic pollution,
and represent the concentration of sol-
uble salts in water (Turner & Rabalais,
2003; Gupta, Vishvakarma & Rawtani,
2009).

The minimum and maximum turbid-
ity values of water in Lower Zab river
were 4.9 NTU and 4,000 NTU, respec-
tively. The maximum value for turbid-
ity (4,000 and 1,100 NTU) recorded in
November 2013 at the both stations LZ2
and LZ3. The reason for the high value
of turbidity due to the end of the dry sea-
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sons (summer and autumn) and rainfall
in the beginning of the rainy season. The
increase of turbidity values results due
to the high concentration of suspended
matter in the water column, and sub-
sequently increase dispersion of light.
Which in turn causes in deterioration of
the water quality, also will damage the
aquatic life (Verma et al., 1984). For this
purpose, the WHO, the CCME, and the
1QS proposed a maximum range for tur-
bidity of 5 NTU based on the processes
used to treat wastewater (De, 2003).

The nitrate results obtained from the
two sampled stations were higher than
the maximum permissible limits pro-
posed by the CCME (2001) for drink-
ing water. The minimum and maximum
values for nitrate were 0.147 and 16.44
mg 1!, High nitrate levels in drinking
water can be harmful to humans and
cause serious illnesses such as “blue
baby syndrome”, cancer risks, and he-
morrhaging of the spleen (Michalski &
Kurzyca, 2006; Aydin, 2007; Gupta et
al., 2009; Yang & Wang, 2010). Nitrites
can also affect the aquatic life, plants and
algae by decreased oxygen level when
its concentrations rise in water (Davie &
Quinn, 2019).

Calcium concentrations in water
samples were varying between 30 to 57
mg- 17!, All the data does not within the
objective values suggested by the CCME
(2001) for drinking water which is 25
mg-1™!. Approach results were obtained
by Ewaid et al. (2018) in a study to as-
sess the quality of water for the Tigris
river. These results are due to the nature
of the surrounding soil.

The potassium levels varying across
the range of 1.02-40.8 mg-1"!. In gener-
al, all the potassium levels were found to

be within the accepted limits for drink-
ing water quality standards. Except one
value (40.8 mg-1™") recorded higher than
the standards during winter in January
2017.

The results of the water quality index
(WQI) at LZ2 station are shown in Fig-
ure 6. Both Canadian and NSF methods
were used to calculate the WQI. It was
noted that the WQI from 2013 to 2019
between marginal and fair status accord-
ing to the CCME (Table 5). While the
WQI are classified for the years 2013,
2015, 2016 as unsuitable for drinking
and for 2014, 2019 as poor water and for
2017, 2018 as a good water according to
Table 4.

For LZ3 station, the results showed
that the WQI from 2013 to 2019 are be-
tween marginal and fair status according
to the CCME (Table 5). The results are
same as the LZ2 station with some mar-
ginal decrease in the WQI. The decrease
in the WQI possibly due to the polluting
activity of the Lower Zab river mentioned
in Table 2. In accordance to Table 4,
the results showed that the WQI for
2013, 2015, 2016 years are unsuitable
for drinking and for 2014, 2018, 2019
years are poor water and for the year of
2017 is good water. Also, it was noting
that some marginal increase in the WQI
value in which decreases the subtility of
the water for drinking use (Fig. 7).

For the years 2014, 2015, and 2016,
the water quality was degraded due to the
ISIS war. Moreover, it was noted in the
2013 year that the water quality almost
stable and have a constant value during
spring and summer. A high decease in
the water quality (high increase in WQI
according to NSF Method) in the fall
and winter seasons. This degradation in
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the water quality is due to that the earth
has exposed to the long-dried season and
then suddenly exposed to a high rainfall
season which in turns leads to increase
some parameters very high, i.e. turbid-
ity (Fig. 8). Finally, the Lower Zab river
water cannot be use for drinking directly.
However, a pretreatment is needed be-
fore drinking use.

However, a recent research was not-
ed that the quality of water are highly
affected by seasons (Mena-Rivera, Sal-
gado-Silva, Benavides-Benavides, Coto-
-Campos & Swinscoe, 2017). Also it was

noted previosuly that the quality of wa-
ter in the spring is more better than other
seasons (Ameen, 2019). Especially when
the turbidity parameter is not included
which gave good drinking water (Ewaid
& Abed, 2017). And this interpreted the
varation in the WQI during seasons.

Conclusions
This research focused on the assess-

ment of Lower Zab river water quality
using both methods — Canadian Water

166

S.M. Ahmed et al.



1200

1000

800

600

wal

400
200

D l

Jan, Feb, March, April

May, Jun, July,

Qct., Nov., Dec.

August, Sept.

Months

FIGURE 8. Water Quality Index (WQI) variation during year of 2013

Quality Index and NSF Water Quality
Index. Two different stations LZ2 and
LZ3 were selected for this study. The
results show that all parameters values
were within the standards of drinking
water proposed by the CCME stand-
ards (2001), Iraqi standards (IQS 417,
2009), and the WHO standards (2017)
for drinking purpose, except turbidity,
DO, nitrate, calcium, which were mostly
higher than the standards and occasion-
ally BOD and potassium. Also, the re-
sults of WQI showed that the quality of
water at LZ3 station is lower than the
quality of water in the LZ2 station. This
degradation in the quality of water is due
to the polluting activity of the Lower Zab
river (Table 2). Moreover, for the years
2014, 2015, and 2016, the water quality
was degraded due to the ISIS war. How-
ever, the quality of the water is degraded
in winter season more than summer sea-
son due to that the earth has exposed to
the long-dried season and then suddenly
exposed to a high rainfall season which
in turns leads to increase some parame-
ters very high (i.e. turbidity). Finally, the
Lower Zab river water cannot be use for

drinking directly. However, a pre-treat-
ment is needed before the drinking use.
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Summary

Assessment of Lower Zab river water
quality using both Canadian Water Qual-
ity Index Method and NSF Water Qual-
ity Index Method. Rivers are considered
the most important sources of surface water
on Earth. They are play a significant role in
all human activities and the quality of river
water is needed. Therefore, the importance
of the water quality index is arising through
providing data base about quality of the
water source, and explain the change in the
water quality over a period of time continu-
ally. This study involved determination of
physicochemical and biological parameters
of Lower Zab river in Kirkuk city at two dif-
ferent points. The objectives of the study are
to assess the present water quality, through
analysis of some selected water quality pa-
rameters like pH, TDS, BOD, dissolved oxy-
gen, turbidity, EC, alkalinity, and salinity etc.
and to compare the results with the Canadian
Council of Ministers of the Environment
and National Sanitation Foundation Water
Quality Indices. Raw water samples were
collected from the Lower Zab river twice a
month by one sample every 15 days from
each station. The water quality data include
16 different parameters. Tests were carried
out following the American Public Health
Association standard methods. The results
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show that all parameters values were within
the standards of drinking water proposed by
the CCME standards and Iraqi standards or
the World Health Organization standards
for drinking purpose, except turbidity, DO,
nitrate, calcium, which were mostly higher
than the standards and sometimes BOD and
potassium. The results of WQI showed that
the water quality at LZ3 station is lower than
LZ2 station due to the polluting activity of
the Lower Zab river. Furthermore, for the
years 2014, 2015, and 2016, the water qual-
ity was degraded due to the ISIS war. Also,
it was noted in the 2013 year that the water
quality degraded more in fall and winter sea-
sons due to that the earth has exposed to the
long-dried season and then suddenly exposed
to a high rainfall season which in turns leads
to increase some parameters very high (i.c.

turbidity). Finally, the Lower Zab river water
cannot be use for drinking directly. However,
a pretreatment is needed before the drinking
use.
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Introduction

Groundwater Quality (GWQ) deter-
mination of human consumption is nec-
essary for a healthy living (Ishaku, 2011).
There is a shortage of papers published
in regard of GWQ at Nineveh governo-
rate, Iraq, nevertheless a rapid review of
research concerning similar cases study-
ing GWQ in other areas.

Al-Hayali (2010) studied GWQ of
16 wells distributed in Mosul city, Iraq
during 2008 along four months. The re-
sults show that GWQ of the wells were
unsuitable for drinking purposes but it
was suitable only for plants resistant to
saline water.

Mukheef, Al-Kubaisi and Rasool
(2019) assessed the GWQ in Baghdad
Province for irrigation purposes by using
WQI. The results show that there is an

increase of Cl, K, and Ca ions in water
samples, and that GWQ is very poor in
the middle part of the studied area while
it is moderate in the western part for the
irrigation purpose.

Gorgij, Kisi, Moghaddam and
Taghipour (2017) assessed GWQ of
21 samples at Azarshahr Plain, Iran for
drinking purposes by using the entropy
technique which extracts the weights
needed in determining the Water Qual-
ity Index (WQI). The results show that
the GW samples are classified as good
to poor, and bicarbonate ion is the most
effective parameter.

Rao, Venkatesch and Ahmed (2018)
studied GWQ of 30 wells in Guntur
District Andhra Pradesh-India. Inverse
Distance Weighted IDA technique was
used to determine the spatial distribu-
tion of the GW parameters. The results
show that most of GWQ which is located
in the western parts of the district is not
suitable for drinking purposes, while the
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eastern part of the district had the most
suitability zones for different purposes.

Al-Ozeer and Ahmed (2019) as-
sessed 18 shallow wells for different
purposes at east side of Mosul city using
SAW technique. The research included
an application of Groundwater Modeling
System (GMS 10.1) to create the studied
area sub-layers as three dimension map.
The results show that GWQ is suitable
for livestock purposes.

Ochungo, Ouma, Obiero and Odero
(2019) studied samples of 39 wells to
assess their suitability for drinking pur-
pose in Langata, Kenya. The research
concluded that there is no indication of
surface water percolation due to low
concentrations of SO4 and Cl ions.

Minh et al. (2019) developed WQI
by founding the weight of parameters
depends on fuzzy-AHP techniques of
shallow wells during 10 years in Giang
Province, Vietnam. The research con-
cluded that GWQ in areas located in the
Northeast of Giang had very bad qual-
ity because of both human activities and
natural reasons.

Ibe, Aigbedion, Marcellinus, Okoli
and Sola (2019) studied the physical and
chemical properties of GW samples from
45 wells for drinking purposes at Ado-
Ekiti State, Nigeria, using WQI and Arc
GIS. The results show that 34 wells were
suitable, while the rest were unsuitable.
The research ranked WQ in the studied
area as best in the north-west, fair in
south east, and very poor in the south.

This study aims to assess GWQ of Al-
-Shekhan area by the help of AHP, SAW
techniques and Arc GIS version 10.5 to
build a model which serves this aim, and
can be a raw model to be applied to as-

sess GWQ in any other area after insert-
ing the values of their parameters.

Material and techniques

The studied area

Al-Shekhan area is located in the
north eastern of Mosul city, Iraq between
36°44'57" to 36°29'6" N latitudes and
between 43°12'28" to 43°31'10" E lon-
gitude with 30 wells to be examined, as
in Figure 1.

Data analysis

Eleven parameters are experimentally
analyzed based on APHA, AWWA, WEF
(2005) measurements and compared with
international standards (WHO, 2003;
EPA, 2004), as in Table 1. Data of param-
eters is tabulated in Table 2.

The used techniques

Analytical Hierarchical Process

AHP technique was firstly developed
by (Saaty, 1980, 2008). This technique
can be used in different applications
(Faisal & Ahmed, 2018). This tech-
nique uses pair wise comparison to de-
rive the relative weights of parameters.
Three steps are used in this technique;
the extracted parameters are organized
and given certain importance degree in
the first step. Then, a matrix of the se-
lected relative weights is adopted in the
second step. At last, the consistency ratio
(CR) is applied to check the importance
degree. If CR < 0.1, there is no need
for reweighting. The scale of relative
importance for pair wise comparison is
arranged as a scale from 1 to 9, where
1 represents equal importance while 9
represents extreme importance.

GIS based modeling of GWQ assessment at Al-Shekhan area using AHP...

173



[ 43100°E 43°150°E 43°200'E 43°250°E 43°300'E ) R R R T L T
el . [ |1A
§ A .{,\ Dohuk Ga‘u-rwt\re _§ y i
FeN v E
[ o s N N = B
54/,;.-1;5..;.71"‘.‘; : ~2 £ \\ |
| ALEEETTNN |
2] § i Vs iy ) i H e 9 |
& Q.E 150 b & AL [ § s 7 e a\- M0 280 420 560 B
2 @ \" e \ X S 4 .fo( 45 g ) Ninevah Provinces —_— et Ditometars |5
§ ——f T /" ) ) 5 T T T
i ) » wi1 'W” Y -Wm'} ,?g 3G00E 300 40V0'E 4X00E MOOE 46°00°E  4S00°E  S0°00°E
L7 (\ S & \ o \ ; X .u;zy_.'ﬁ'}' e
2] L > b Z > : £
g /\ wiz % Y 1 .';‘;a- e ﬁ%y E
3 . [ " = kit
| o /4,‘: (_ M Wi\J % = I
Hiree '\ [*/ W, W7<\- Z :
2| o men L : £
?' e Boundry Arex \'-\.\ .be _é
< . Province Center B g g ] z
| AL shekhan Districts = -:
0 175 330 323 700"‘.7]("”“,‘,” i 0 40 V‘M 120 160 i z
1:350,000 4 e lometers 'E
{32100 4150 132200 43250 435300°E T T T T T i
FIGURE 1. Location of the studied area
TABLE 1. Parameters international standards
L Drinking Lo Irrigation . Livestock
D::Zﬁ;;%rs standards I;zliiélft?rls standards I;lr\;frslte(izlr(s standards
P (EPA,2004) | P (EPA,2004) | P (WHO, 2003)
Ca** 75 mgl™! Na* 200 mg'1™! TDS 10 000 mg'1”!
Mg?* 100 mg:1™! HCO5~ 350 mg1™! EC 12 500 mg:1”!
Na* 200 mg1™! SAR 15 meq-1™! pH 6.5-8.5
HCO5~ 400 mg1™! CI 250 mg1! NO;~ 440 mg1™!
S04 250 mg'1™! B 0.7 mg1™! SO4> 250 mg'1™!
cr 250 mg1™! TDS 1750 mg-™! x x
NOs3~ 10 mg1™! pH 6.5-8.5 mg'1"! X x
TDS 500 mg:1™! EC 2700 phos-cm™! x x
pH 6.5-8.5 X X X x
EC 2000 phos-cm™! x x x x
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TABLE 2. Studied wells parameter’s data

Well Depth| Ca | Mg | Cl | Na | SAR | SO, |HCO;| NO; | TDS EC pH
m mg1™! meq1™! mg1™! phos-cm™ | -
1 100 | 18.0 | 4.0 | 37.0 | 20.0 1.11 10.0 50 0.3 226 550 8.6
2 203 [ 135.0] 73.0 |280.0|175.0| 3.02 [160.0| 370 | 2.4 | 1890 3270 8.0
3 144 | 28.0 | 8.0 | 60.0 | 30.0 | 1.29 | 23.0 70 0.3 276 475 8.6
4 200 | 24.0 | 28.2 | 17.0 | 94.0 3.1 285.0 | 147 [176.0| 494 761 8.9
5 120 | 19.2 | 25.3 | 15.0 | 13.0 | 0.46 |225.0| 288 |152.0| 228 305 8.8
6 183 | 309 | 3.9 | 19.9 |200.0| 9.05 76.9 | 319 | 6.6 | 450 603 7.2
7 156 | 48.0 | 23.0 | 5.0 | 22.0 | 0.64 | 28.0 | 280 | 2.0 | 260 425 8.1
8 185 | 24.0 | 429 | 31.0 | 92.0 | 2.59 | 97.5 | 241 1.2 | 356 571 8.2
9 200 | 19.3 | 38.0 | 17.0 | 66.0 | 2.00 | 76.0 | 292 1.9 | 592 703 7.5
10 | 156 | 273 | 322 | 5.0 7.8 024 | 21.8 | 226 | 3.1 355 468 7.0
11 156 | 32.1 | 24.3 | 18.9 | 52.0 1.68 354 | 273 | 2.7 | 455 577 7.8
12 | 168 | 90.0 | 52.6 | 40.0 | 26.0 | 0.53 442 | 478 | 3.14 | 769 863 7.1
13 | 160 | 46.5 | 12.6 | 2.0 | 140 | 0.46 6.0 219 | 3.89 | 334 353 6.9
14 | 150 | 62.6 | 487 | 3.0 | 150 | 048 10.3 | 224 | 2.75 | 326 335 7.1
15 | 150 | 273 | 341 | 3.0 | 21.0 | 0.63 11.7 | 258 | 2.19 | 368 393 7.2
16 | 150 | 578 | 214 | 3.0 6.0 0.17 | 21.2 | 258 | 1.50 | 387 446 8.1
17 | 180 | 594 | 614 | 20.0 | 17.0 | 0.32 |[157.0| 253 | 1.10 | 610 945 7.3
18 | 149 [321.0|117.0| 26.0 | 17.0 | 0.20 [954.0| 219 | 0.36 | 1 663 1890 7.6
19 152 | 353 | 414 | 12.0 | 11.0 0.29 55.7 | 248 | 1.59 | 405 527 7.8
20 | 123 | 32.0 | 28.0 | 18.0 | 340 | 5.01 40.0 | 170 | 50.0 | 335 608 8.1
21 49 | 40.0 | 28.0 | 11.0 | 56.0 | 7.62 | 48.0 | 246 | 10.0 | 285 480 7.1
22 | 134 | 44.0 | 33.0 | 150 | 48.0 | 0.00 | 43.0 | 322 | 0.0 | 376 620 8.1
23 47 19.0 | 11.0 | 66.0 [100.0 | 20.20 | 24.0 | 290 | 0.0 | 334 650 8.0
24 75 | 47.0 | 38.0 | 20.0 | 46.0 | 5.66 | 91.0 | 251 2.0 | 424 677 8.2
25 61 52.0 | 23.0 | 9.0 | 21.0 | 2.63 340 | 254 2.0 272 377 7.8
26 | 104 | 28.0 | 29.0 | 40 | 2.0 0.30 19.0 | 159 | 18.0 | 199 294 8.3
27 55 | 48.0 | 29.0 | 15.0 | 58.0 | 7.33 99.0 | 230 | 8.0 | 392 597 8.0
28 | 104 [132.0| 76.0 | 19.0 | 35.0 | 2.68 |238.0| 299 | 34.0 | 769 1450 6.8
29 73 | 24.0 | 34.0 | 23.0 | 18.0 | 2.81 10.0 | 250 | 0.0 | 221 430 7.6
30 76 | 44.0 | 34.0 | 14.0 | 28.0 | 3.58 38.0 | 311 | 19.0 | 331 490 7.7
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Tripych worksheet

Tripych is an Excel add-in tool that
is part of the Statistical Design Institute
(StatDesign, 2018) which is used to pri-
oritize items by performing AHP matrix
of the parameters. The yielded results are
tabulated in Tables 3, 4, and 5.

Simple Additive Weighting technique

Simple Additive Weighting tech-
nique is used firstly by McDuffie and
Haney in 1973 to summarize the huge
data into one index. In this simple tech-
nique, relative weights which are ex-
tracted from AHP are multiplied by qual-
ity rating scale to calculate the sub-index
for each parameter. The following equa-
tion illustrates the calculation of quality
rating (Qr) which is computed by divid-
ing the concentration of each parameter
(Ci) to its standard value (S), as follows:
Or = Ci/ §. Summation of the sun-indi-
ces gives the final index. This final index
classifies water quality into five catego-
ries: 0-25 excellent, 2650 good, 51-75
poor, 76—100 very poor, and unsuitable if
the index is more than 100. The indices’
results of the three purposes are tabulat-
ed in Table 6.

Geographic Information System

ARC GIS 10.5 is used to create all
the suitability maps for each purpose,
then building a model through apply-
ing multiple tools and finally extracting
the final map (Esri, 2016). Maps of each
purpose were created by ArcGIS, as in
Figures 2, 3 and 4.
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0.0763

TABLE 4. Tripych irrigation results, CR

Scaled
importance

5.00

4.07

2.65

222

2.25

1.00

1.43

2.60

Relative
importance

24.78%

19.93%

12.48%

10.23%

10.41%

3.86%

6.10%

12.21%

Row total

23.00

18.50

11.58

9.50

9.67

3.58

5.67

SAR

2

2

0.5

0.33

0.33

11.33

TDS

EC

Na

HCO;

Cl

pH

SAR

4

The results

Figure 2 illustrates the suitability of
drinking water purpose where the high-
er class ranges between 19.27 and 25,
which is located in the north western
part of the studied area, and lower class
18 87.5—-100, which is located in the north
eastern part of the studied area. Figure 3
shows the suitability of irrigation pur-
pose where the higher class ranges be-
tween 16 and 20, which is located in the
north western part of the studied area and
lower class is 40-45, which is located
in the south eastern part of the studied
area. Figure 4 illustrates the suitability of
livestock purpose where the higher class
ranges between 9.2 and 15 including the
whole studied area except the eastern
part which is considered as the lower
class with 25-30. All relative weights
and indices extracted from AHP and
SAW respectively, in addition to Figures
2, 3, and 4 are utilized to build a model.

Model building

A model is built using ArcGIS and
its primary tools as “Add field”, “Calcu-
lated field”, and “Kernel”; while the sec-
ondary tools are: “Reclassify”, “Raster
to vector”, “Clip”, “Union overlay”, and
“Select by attribute”, as in Figure 5. This
model utilizes the importance scale of
parameters, the relative weights indices,
and area suitability maps to create the fi-
nal map which represents an overall ref-
erence combining the suitability of water
for the three purposes.

Final map

The final map is created by using
union tool within GIS overlay mapping
tools, as clarified in Figures 5 and 6.
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TABLE 5. Tripych livestock results, CR = 0.0204

TS | BC | pH | NOy | 50y | (i | e
1 TDS 4 3 3 13.00 37.96% 5.00
2 EC 1/2 3 2 2 8.50 24.82% 3.27
3 PH 1/4 1/3 2.58 7.54% 1.00
4 NO; 1/3 172 433 12.65% 1.67
5 SO, 1/3 172 5.83 17.03% 2.25
TABLE 6. GWQIs of each purpose
va | Pliec | powe | MEGM | ewe | MREEE T Lowa
1 19.2 excellent 18 excellent 10.7 excellent
2 137.3 unsuitable 92.7 very poor 25 excellent
3 22.7 excellent 21.7 excellent 11 excellent
4 50 good 32 good 222 excellent
5 36 good 21.2 excellent 18.5 excellent
6 39.6 good 453 good 11.6 excellent
7 26.5 good 23.5 excellent 10.5 excellent
8 36.2 good 30.7 good 12.4 excellent
9 45.1 good 323 good 12.5 excellent
10 28 good 19.8 excellent 9.7 excellent
11 36.3 good 29 good 11.4 excellent
12 59.1 poor 38 good 12.6 excellent
13 26.6 good 19.8 excellent 9.2 excellent
14 26.5 good 18.9 excellent 9.2 excellent
15 29.1 good 224 excellent 9.6 excellent
16 31.2 good 21.1 excellent 10.9 excellent
17 50.6 good 29 good 14.2 excellent
18 150 unsuitable 51.5 poor 33.6 good
19 34 good 243 excellent 11.4 excellent
20 32.6 good 25 good 12.7 excellent
21 34.6 good 28.7 good 10.2 excellent
22 34.6 good 27.8 good 11.5 excellent
23 313 good 34.5 good 11 excellent
24 38.8 good 30.6 good 12.8 excellent
25 26.5 good 20.7 excellent 10.2 excellent
26 234 excellent 16 excellent 10.5 excellent
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TABLE 6 cont.

Drinking Irrigation Livestock
Well DGW IGW! LGW
Index Q Index Q Index Q
27 383 good 26.4 good 12.6 excellent
28 80.4 very poor 38.8 good 17.6 excellent
29 22.5 excellent 22 excellent 9.5 excellent
30 36.6 good 274 good 11.1 excellent
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FIGURE 2. Drinking water suitability classes
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FIGURE 3. Irrigation water suitability classes

GIS based modeling of GWQ assessment at Al-Shekhan area using AHP...

179



36°35'0"N

Classes

- o2.15 Excellent
15-20

20-251 Good
25-30

36°30'0"N

rZ 43° I('TD"E 43° I;‘U"E 4}“2?‘0"5 4]“2.5'0"5 43“3?’0”!5 B
= z
i |1
° % £
Ll &
3
Z
s &
1 =
g b
2

T
36°35'0"N

T
36°30'0"N

0 3 6 9

1:300,000

T T
43°100"E 43°15'0"E

T T —T T T
43°200"E 43°250°E 43°300°E

FIGURE 4. Livestock suitability classes

~

43°100°E 43°150'E

J

43°200'E 43°250"E 43°300'E.

36°40' 36°45'0"N

36°35'0"N

| Classes
B Excellent for different purposes

36°30'0"N

T ™
36°45'0"N

36°4000"N

36°35'0"N.

\

[ Good for different purposes &
|| Surtable for irrigation & livestock only _é
| 2
¢ 3 g 2 12 Kilometers
1:300,000
T T T — T ———T— T T—
43°100"E 43°150"E 43°20'0"E. 43°25'0"E 43°30'0"E

FIGURE 6. The final map

This map shows that the first part 4.6%
of the study area which is located in the
western part is excellent for the three
purposes. The central large part which
represents 70% of the study area is good
for the three purposes. The eastern part
of the studied area occupies the last class
which represents 25.4% of the study area

which is only suitable for irrigation and
livestock purposes.

The discussion

To the best of the knowledge of the
authors of this study, there is no previous
work that build a model based on both
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ArcGIS and AHP to assess groundwater
quality. Therefore, the concluded model
can be conducted to create a detailed
map of classes of water suitability after
applying the relevant parameters.

Conclusions

The use of AHP and SAW are useful
to determine the relative weights and in-
dices of the parameters. ArcGIS utilizes
the combination of the relative weights
and indices in addition to water suitabil-
ity maps to create a model. The model
identifies water quality in the study area
and is considered as a database for future
agricultural and developmental projects.
The final map illustrates that GWQ can
be classified according to its indices,
where all wells are suitable for multi-
purposes except wells (18, 24, and 28),
as in Figure 1, which are appropriate for
irrigation and livestock only.
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Summary

GIS based modeling of GWQ assess-
ment at Al-Shekhan area using AHP and
SAW techniques. There is a continuous
need to assess Groundwater Quality (GWQ)
for human beneficial uses especially in areas
suffering a shortage of nearby surface water.
This study aims to assess GWQ of 56 wells
located at Al-Shekhan area for drinking, ir-
rigation, and livestock purposes. Analytical

Hierarchical Process (AHP) technique is
used to extract weights of parameters that
are needed in the calculation of Simple Ad-
ditive Weighting (SAW) technique. Maps
are created using Geographical Information
Systems (GIS), and these maps shows the
classes of suitable areas for each purpose
depending upon the calculated indices which
are extracted from SAW technique. The re-
sults show that the final map classifies the
suitable parts according to the drinking, ir-
rigation and livestock purposes, and it shows
that the north eastern part of the studied area
is suitable for irrigation and livestock only.
A model of GIS and AHP is built to assess
the suitability of GWQ in Al-Shekhan area,
and can be a raw model to be applied to as-
sess GWQ in any other area after inserting
the values of their parameters.

Authors’ address:

Mohammed Fakhraldeen Ahmed

(https://orcid.org/0000-0003-0414-0509)

Raid Mahmood Faisal al-Moula

Mosul University

Collage of Environmental Sciences

and Technology

Department of Environmental Technology

42001, Mosul, Iraq

e-mail: mfakher1962@gmail.com
raidalfaisal2017@yahoo.com

GIS based modeling of GWQ assessment at Al-Shekhan area using AHP...

183



Scientific Review — Engineering and Environmental Sciences (2020), 29 (2), 184-195

Sci. Rev. Eng. Env. Sci. (2020), 29 (2)

Przeglad Naukowy — Inzynieria i Ksztattowanie Srodowiska (2020), 29 (2), 184-195

Prz. Nauk. Inz. Kszt. Srod. (2020), 29 (2)
http://iks.pn.sggw.pl
DOI 10.22630/PNIKS.2020.29.2.16

Ibtihaj S. ABDULFATTAH!, Jasim M. RAJAB> 3, Ali M. AI-SALIHI?,

Aha SULIMAN?, Hwee San LIM*

! Mustansiriyah University Presidency, Division of Human resources

2 Mustansiriyah University, College of Science

3 University of Al-Hamdaniya, Laser and Photonics Research Center

4 Universiti Sains Malaysia, School of Physics

Observed vertical distribution of tropospheric carbon
monoxide during 2012 over Iraq

Key words: AIRS, remote sensing, pollution,
carbone monoxide, Iraq

Introduction

Both as an air pollutant and as a sig-
nificant in atmospheric chemistry, the
CO is an efficient research topic entails
accurate representation of the magnitude
and location of CO surface emissions
(Fortems-Cheiney et al., 2011). The CO
is regulated as the Environmental Pro-
tection Agency (EPA) specification pol-
lutant due to of its lineal adverse effec-
tiveness on human health. It emitted by
incomplete combustion of hydrocarbons
and industrial operations to the atmo-
sphere such as iron smelting (Al-Bayati
& Al-Salihi, 2019). It importantly af-
fects the OH budget, and thus secondar-

ily impacts the ozone (O3) and methane
(CHy) concentrations. The CO affecting
air quality and climate, and acts as a se-
rious indirect greenhouse gases (GHGs)
because of it does not absorb terrestrial
thermal infrared (IR) from the Earth.
These is due to the CO distinctive by in-
direct radiative forcing raises and effect
the troposphere CH, and Oz measure-
ments through chemical reactions with
other atmospheric constituents (Rajab,
Jafri, Lim & Abdullah, 2011; Herron-
-Thorpe et al., 2012; Faten, 2018). The
two largest surface sources of CO are the
fossil fuel and combustion of biomass.
In general, agreed the biomass burn-
ing accounts almost one quarter of CO
emission to the atmosphere (Pétron et
al., 2004). Carbone monoxide molecular
have a global-average lifetime of about
two months and it weight is close to that
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of air. Unpredictability in the CO budget
are still rightly large due to distress in
quantify the variability of CO sources
and sinks, because of the lack of emis-
sions statistics and quantification used
to derive emissions inventories (Drori et
al., 2012).

Although the aircraft-mounted and
ground-based devices are able to make
precise observations of CO measure-
ments in the troposphere, they are not
able to provide large-scale global or re-
gional coverage. Only the space obser-
vations allow such measurements (in
the absence of cloud) to be made over
a rationally short time period. Over the
past decade IMG (Interferometer Moni-
tor for Greenhouse Gases) (Kobayashi et
al., 1999), MOPITT (Measurements of
Pollution in the Troposphere) (Deeter et
al., 2010), TES (Tropospheric Emission
Spectrometer) (Bowman et al., 2006;
Luo et al., 2007) and AIRS (Automated
Import Reference System) (McMillan
et al.,, 2003). Sensors have all success-
fully implemented measurements in the
4.7 um spectral band to increase the ver-
tical information content of profiles and
also global coverage as well as cost so
much money and arduous efforts (Illing-
worth et al., 2011).

The satellite remote sensing provide
good global coverage and quantitat-
ively data with crucial temporal or spa-
tial resolution, and boost the researcher
ability to understand the impact of hu-
man activities on the chemical com-
position of the atmosphere and climate
change. Also, the free download satellite
information provided by AIRS website.
Therefore, the scientists have explored

its use in studying fire emission and bio-
mass burning. Parameters deduced from
satellite data include aerosol index, fire
counts, biomass density, and fire counts.
Using these parameters from satellite
data, the CO emission has been indi-
rectly estimated from vegetation fires
(Rajab, Jafri, Lim & Abdullah, 2012).
The Aqua satellite put to space aboard
Aqua satellite by the NASA on 4 May
2002 provide vertical profiles of the at-
mosphere with a nadir 45 km field-of-
-regard (FOR) across a 1650 km swath.
The AIRS have wide spectral coverage
(3.7-16 pm with 2,378 channels) com-
prises spectral features of O3, CHy, CO,
and CO,. The AIRS observe the CO total
column by 36 channels with vertical en-
casement 1,000—1 mb. The troposphere
CO multitude is restore in the 4.58—4.50
um (2,180-2,220 cm™") area from AIRS
observed radiances of IR spectrum (Cha-
hine et al., 2006; Rajab, Hassan, Kad-
hum, Al-Salihi & Hwee, 2020).

In this study we present the AIRS
vertical (seven levels CO) profile ob-
servations of troposphere CO obtained
during the year 2012. The restored AIRS
monthly L3 product V5 measurements
were utilized. We show the temporal and
vertical distribution of troposphere CO
across Iraq for five locations; Baghdad,
Basra Mosul, Al Fakka, and Maysan, in
study period. The seven layers monthly
CO MVR was produced using kriging in-
terpolation technique to analyses its allo-
cation over study area during 2012. With
AIRS observations, spatial and tempo-
ral differences of CO emission able are
examined directly and separately from
other approaches over various areas.

Observed vertical distribution of tropospheric carbon monoxide during 2012 over Iraq
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Material and methods

Study area and climate features

Iraq, located in the western part of
Asia and mainly occupies the Mesopo-
tamian Plain, located, between 39° and
49° E longitudes (a small area lies west
of 39°) and 29° and 38° N latitudes. At
the north, Iraq borders by Turkey, Kuwait
and Saudi Arabia at south, Syria at north-
west, Iran at east, and Jordan at south-
west. Iraq country involves of 437,072
km? by 18 states; it is the 5gth biggest
country in the world (Faten, 2018; Al-
-Salihi, Rajab & Salih, 2019).

b) Southern Region bounded by the
longitudes of 44.45 and 48.50° E and
latitudes 30.11 and 32.30° N.

c) Western Region bounded by longi-

tudes 43.19 and 44.32°E and lati-

tudes 30.30 and 33.15° N.

Central Region bounded by longi-

tudes of 45.20 and 45.19°E, and

latitudes 31.81 and 34.18° N.

d)

Acquisition and specification

The data used in this study was
acquired from AIRS Level-3 (L3) as-
cending data (NASA Earthdata, 2019).
Generally, ascending granules L3 data
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FIGURE 1. The geographical attribute of study area (Rajab, Ahmed, & Moussa, 2013)

The Iraqi Meteorological and Seis-
mology Organization (IMSO) divide
Iraq into four regions according to geo-
logical, meteorological and hydrological
characteristics as follows:

a) Northern Region bounded by longi-
tudes 43.09 and 43.50° E, and lati-

tudes 34.11 and 36.19° N.

downloaded for 12 months (January—
—December) to get the required output.
The data are covering Iraq as a grid of
132 points extends from 28.5-49.5° N
latitudes and 38.5-49.5° E longitudes
with a uniform grid interval of 1° in lon-
gitude and 1° in latitude. In previous pa-
pers, we discussed the distribution of CO
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for different periods (2003-2016) over
Iraq using spatial, temporal, and trends
(Rajab et al., 2013; Salih, Al-Salihi &
Rajab, 2018; Al-Salihi et al., 2019). To
preferable exam the vertical distribution
of CO VMR above Iraq for the study
period the cross section, time—pressure
of CO, mole fraction in air (daytime/
/ascending) monthly 1° (AIRS AIRX-
3STM v006) over January—December
2012, Region 49E, 28N, 38E, and 49N
map obtained from the NASA-operated
GIOVANNI website. Seven atmospheric
layers CO data used in this work with
height and pressures are summarized in
Table 1, for vertical analysis. In addition,
surface CO values for time series distri-
bution and comparison. The difficulty in
obtaining the monthly ground CO data,
due to Iraq circumstances, only Bagh-
dad station CO data were collected from
Iraqi Meteorological Office for compres-
sion and regression analysis with AIRS
data during the period 2012. The simple
linear regression is utilized to model the
relationship between two singles, re-
sponse and exploratory, variables y and
x. The SigmaPlot software were used
for this model between the ground and
AIRS monthly CO values over Baghdad
station; the model is

yi=AgtAix; t &

where:

(x;, yp), i =1, ..., n — response and ex-
ploratory variables sample values,

Ap — intercept parameter,

Aq — slope parameter,

g; — random disturbance terms (Landau
& Everitt, 2004).

In order to evaluate and investigate
the seasonal change in troposphere CO
emission, two steps were used to analyze
the data. The first step is monthly basis
file data, including the identical location
and time in a HDF (hierarchical data for-
mat) format from AIRS website, and set
out in table using MS Excel. In the sec-
ond step the five dispersed locations were
selected across Iraq (Baghdad, Mosul,
Basra, Al Fakka and Maysan), as sum-
marized in Table 1. Two graphs between
CO with altitude, and troposphere CO
with months for 2012, respectively, were
designed to detect the seasonal change in
CO values for the study period.

Results and discussion

The first analysis for the data showed
that there is significant increase of maxi-
mum values of the troposphere CO in

TABLE 1. Height and pressure of the layers (left) and stations GMD (right)

Layer Height Pressure

[m] [hPa]
0 13 500 155.625 Station Longitude Latitude
1 11 000 253.5
2 8500 351 Baghdad 4436 E 3331N
3 5820 505.25 Mosul 43.16 E 36.35N
4 3100 706 Basra 4778 E 30.50 N
5 1450 850 Al Fakka 4730 E 32.10N
6 750 930 Maysan 47.10 E 31.50 N

Observed vertical distribution of tropospheric carbon monoxide during 2012 over Iraq
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March over all five locations. Figure 2
illustrates monthly troposphere CO from
January to December 2012 for five loca-
tions; Baghdad, Basrah, Maysan, Al Fak-
ka, and Mosul. The standard deviation of
monthly troposphere CO was (107.15
+18.75 ppbv) for the whole period. El-
evation in troposphere CO observed
along study period over the manufactur-
ing and crowded urban zones, i.e. Bagh-
dad, Mosul and Basra. The CO exposure
differences seasonal alterations depend
on whether circumstance and topogra-
phy. The seasonal variations undulate
between winters and summer seasons.
A more certain inspections illustrate
a spatial pattern subtle differences in the
CO values for each season. A minimum
value of the CO occurs in October. The
seasonal differences are observable, but
none are as declared during the study
period.

The nominal summit of troposphere
CO amount and sensitivity observed from
seasonal variations. Record the variation
between the seasons with maximum val-

ues in the winter and minimum values in
the autumn. The seasonal photochemi-
cal cycle of hydroxyl radical (OH) in the
troposphere cased the seasonal dicho-
tomy of CO variations. In the Northern
Hemisphere, reduction of OH concen-
trations coincides with the elevation CO
values concentrations during winter and
early spring (McMillan et al., 2003).
From Figure 2, the highest value of
CO raised through the winter and early
spring seasons as a results of the increased
of partial product by burning of thermal
heaters, were used excessively for heating
throughout the cold season. In March CO
raised to its maximum values throughout
the year, though it a bit decreases to me-
dium in April, compare to prior months.
Extensive sources are evident in both
north and southeast of Iraq with subse-
quent plumes contributed to CO concen-
trations are from Turkey bring by north-
westerly wind (winter shamal) driven by
the passage of a strong synoptically forced
cold front. This variation in the CO values
throughout the period (December—May)

120

CO (ppbv)

=
o
o

Baghdad
Basrah
Maysan
Al Fakka

Months
FIGURE 2. Monthly troposphere CO VMR for January to December 2012 for the locations: Baghdad,

Basrah, Maysan, Al Fakka, and Mosul
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was also due to the human activity, geo-
graphic nature and climatic changes (Sa-
lih et al., 2018).

In contrast, during the summer and
autumn seasons the troposphere CO
decreases, whereas a bit rise to medi-
um values of CO in August. The sum-
mer season is near the lack of the CO
sources, anthropogenic sources have very
small variability, and the CO emissions
from Turkey have very small contribu-
tion (Drori et al.,, 2012). The summer
Gasus (shamal) or “wind of 120 days”
blows nearly daily through the summer
months (June—September) and has great
vertical motion over a large natural flat
area, which able to diminish the CO val-
ues (Rajab et al., 2013). Elevation of CO
concentrations during this period over
the southeastern districts compared to its
values over the rest areas. All these be-
cause of the pollutions released from oil
prospecting and extraction, and paddy
fields by burning residuals of agricul-
tural (Salih et al., 2018). In this period,
the best high value happened on Novem-
ber over Maysan state, and on October
was the lowest value.

A slight variation is plainly evident
in the comparison between AIRS (dotted
line) values of CO with the in situ (sol-
id line) measurements, plotted against
months for Baghdad station, as present-
ed in Figure 3. The ground values curve
has fluctuations and parallel to the AIRS
curve throughout the year. There was
a small phase delay between AIRS and
ground CO values. The amplitude of the
CO seasonal cycle generally increased
to a natural peak in the late autumn
season till early spring season between
mid-October and March, and there were
disparities between the ground and AIRS
CO values resulting from increased
its emissions by using fuel heating
sources, especially in winter, when tem-
perature and hours of sunshine were at
their minimum.

The ground CO was plotted against
the AIRS value, and the results are pre-
sented in Figure 4. The agreements be-
tween both are fairly good, with a mean
deviation not exceeding 4% between
these two sets data. Another indication
of the regression was the points tended
to cluster along the 45 tangent lines, and

1.4 4 Baghdad Station —— Ground station Data
------ AIRS Data
1.2 A
£
s
~ 1.0 4
[e]
o
0.8
0.6
. I 2 & - T £ £ Z T 2
R AR R R R P L
Months

FIGURE 3. The ground station CO (solid line) and AIRS CO values (dotted line) in 2012 for the

Baghdad stations
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FIGURE 4. The ground station CO versus AIRS CO values for 2012 over Baghdad

yielded the strong correlation coefficient
(R) with AIRS for 2012 represented by
values 0.962. Observed largest differ-
ences between terrestrial and satellite
data at January and December due to
clouds cover affects to satellite efficien-
cy during winter season (Xiong et al.,
2008). In addition, the asset values of R
was 0.925, and the coefficient of the re-

Altitude croos section of CO, mole fraction in air monthly (ppbv) over 2012 - Jan - Dec,
Region 49E, 28N, 38E, 49N

e
(=3
o

(Pressure hPa)
3

(=]
=3
o

700

850

1000
Jan Mar May Jul

gressions was statistically highly signifi-
cant (p < 0.001). The agreement shows
that AIRS is very useful to perform the
CO measurements.

An example of CO values variation
with height over study area is illustrated
in Figure 5 for 2012 over cross section,
Region 49E, 28N, 38E, and 49N. The
CO VMR was close to 125 ppbv on De-

(ppbv)

135.0
128.5
122.0
115.5
109.0
102.5
96.0
89.5
83.0
76.5
70.0
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2012

FIGURE 5. Cross section, time—pressure of CO, mole fraction in air ascending monthly over Janua-
ry—December 2012, Region 49E, 28N, 38E, and 49N
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cember—March and July—September at
altitude of 850 hPa. The magnified CO
values was transported vertically up to
500 hPa on February, and up to 600 hPa
during February, March and August. The
CO values were closed to 105 ppbv on
February—April at altitude of 350 hPa.
The lowest CO values closed to surface
was 90 ppbv observed during October at
altitude of 800 hPa. In addition, Figure 6
displayed a comparison for different lev-
els of mean vertical CO profiles of 12
sets observed by AIRS between 0.75 and
13.5 km altitude for the locations: Bagh-
dad (solid line), Basrah (dotted line),
Maysan (dashed line), Al Fakka (solid-
-dotted line), and Mosul (long-dashed
line) during 2012. All data have been in-
terpolated to a latitudinal grid of 1°. For
the clean case (June—November), note
how most of the CO values have similar
shapes and peak between 8 and 10 km
altitude and at surface are as significant
as any other CO values, especially in
August and September. Near the surface,
there are clear inequality and different
between the CO measurements descend-
ing from north to south in March, April,
May and September, while less differ-
ence in other months.

The wvertical distribution of CO
shown in Figures 6 is characterized by
enhanced abundances of CO, with val-
ues that can exceed 120 ppbv at approxi-
mately 4 km altitude over Baghdad and
Mosul. This enhanced layer of CO is
present in February, March and April,
and begins to dissipate by May. This is
due to the moderate and low influence of
the northward and eastward winds dur-
ing this period, which bring favorable
CO from Europe, coincides with moder-
ate influence of northward winds over

northern Iraq (Drori et al., 2012; Rajab et
al., 2013; Faten, 2018). The substantial
contribution of anthropogenic from Tur-
key and Europe carried by eastward wind
tag to the local emissions affect the CO
values (Drori et al., 2012), so the tropo-
sphere CO values were have consider-
able values. The prevailing northeast
wind transported favorable CO plume
from the northwest regions of Arab Gulf
to the southern Iraq (Badarinath et al.,
2010). The lower CO amounts were ob-
served of approximately 88—90 ppbv at
253 mb (altitude 11 km) during October.
The vertical CO observation by AIRS
is providing meaningful information
for different altitude layers closer to the
troposphere.

Conclusions

We present new observations from
the AIRS instrument of the vertical dis-
tributions of troposphere CO over Iragq.
We had started to scrutinize the wealth of
CO information for the 2012. The AIRS
IR and AMSU (without-HSB) L3 month-
ly CO retrieval Standard V5 data were
used to evaluate and analyses the month-
ly troposphere CO spatial and vertical
distributions over study area, and quality
of the satellite measurements. The CO
concentrations are virtually correlated
with weather circumstance and nature of
areas geography. The foreseeable varia-
tion of monthly CO was 107.15 +18.75
ppbv for the entire study duration. The
seasonal differences of CO surface os-
cillated significantly observed between
two seasons, the winter and summer.
The lowest CO measurements observed
of approximately 88—90 ppbv at 253 mb

Observed vertical distribution of tropospheric carbon monoxide during 2012 over Iraq

191



- = =
& + +

Altitude (Km)

B

June

=
=

-
5

Altitude (Km)
- (-]

L]

Altitude (Km)

&l e 10 &0 100 120

CO (ppbv)

FIGURE 6. Monthly mean January to December 2012 CO vertical profiles over five locations: Baghdad
(solid line), Basrah (dotted line), Maysan (dashed line), Al Fakka (solid-dotted line), and Mosul (long-

-dashed line)

(altitude 11 km) during the autumn sea-
son, and the highest CO occurred dur-
ing spring season on March. Also, the
increases in CO concentrations can be
spotted along the year over the manufac-
turing and crowded urban districts.

The variations in the CO values
from December to May duration were
caused by the human actions, geograph-
ic regions nature and climatic changes.
While the raises of CO measurements
along the June—November duration over
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south-eastern districts compared to its
values over the rest areas, was caused by
the pollutions released from the oil drill-
ing and extraction, and the paddy fields
by burning residuals of crops. Winter
shamal bring subsequent plumes from
Turkey are contributed to CO concen-
trations, and summer shamal have very
small contribution to CO concentra-
tions. Combined ground based and satel-
lite measurements of CO play a crucial
role in obtaining better satellite validate
data set. The results show that AIRS are
strong candidates in order to improve
our knowledge of vertical atmospheric
CO. The capability of AIRS information
and the satellite observations could en-
able the researchers in future studies to
measure the elevation of the troposphere
CO values over various districts and alti-
tudes, and long periods.
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Summary

Observed vertical distribution of
tropospheric carbon monoxide during
2012 over Iraq. The atmospheric parameters
observations enable to made continental and
global scales by remote sensing devices ex-
istent in space. One of these instruments is
the Atmospheric InfraRed Sounder (AIRS)
onboard Aqua satellite. We characterize the
vertical distribution of troposphere carbon
monoxide (CO) measured by AIRS over
IRAQ. This study presents one year data.
Results shown standard deviation of month-
ly troposphere CO for five locations: Bagh-
dad, Basrah, Maysan, Al Fakka, and Mosul,
from January to December 2012, was 107.15
+18.75 ppbv for entire period depend on
whether circumstance and topography. The
seasonal differences undulate between win-
ter and summer seasons, with higher values
CO in the winter than in the summer and au-
tumn seasons. In addition, the rising in tropo-
sphere CO values can be measured during
year over the manufacturing and crowded
urbanized zones. AIRS observations reveal
enhanced abundances of CO, with values
that can exceed 120 ppbv at approximately
4 km altitude over Baghdad and Mosul. The

lower CO amounts observed of approxim-
ately 88-90 ppbv at 253 mb (altitude 11 km)
during October. Comparisons over Baghdad
station in 2012 showed close agreement be-
tween the ground CO data and the observed
CO from AIRS, and regression result showed
high correlation coefficient (R = 0.962). The
vertical CO observation by AIRS is provid-
ing meaningful information for different alti-
tude layers closer to the troposphere, and the
satellite measurements are able to measure
the increase of the atmosphere CO concen-
trations over varied regions.
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Introduction

The rain is the most common type
of precipitation in our atmosphere and
when liquid droplet falls to the earth
surface. The source of precipitation is
water vapor, which is always present
in the atmosphere in varying amounts;
there are three major types of rain can
be distinguished depending on the dif-
ferent factors that cause the airlifting
and formation of clouds and rain falling
as well as meteorology factors (Niwas,
Smgh Singh, Khichar & Singh, 2006):

Convectional rainfall: this type of

rainfall occurs due to the ground

surface heating. When the land
warms up, it heats the air above it.

This causes the air to expand and

rise. As the air rises it cools and con-
denses. If this process continues then
rain will fall. Convectional rainfall
occurs for a very short duration but
occurs in the form of heavy showers.
This type of rain is often accompa-
nied by lightning and thunder. It is
called ascending/rising rain because
it is the result of a rising process of
the atmosphere, which is exposed to
thermal heating and clouds resulting
from this type cumulus and cumulo-
nimbus (Saxena & Gupta, 2017).

Cyclonic/Frontal rainfall: this type
of rainfall occurs when a warm
and moist air mass (warm front)
meets a cold and dry air mass (cold
front). When both masses come
together, warmer air is forced to
rise over cold air. The moist warm
air condenses as it cool, which
causes cloud and rain. When there
are condensation nuclei and when
the atmosphere arrives at saturation
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ratio. Frontal rain produces a variety
of clouds, which bring moderate to
heavy rainfall. They are called with
this name because they are formed
by the collision of two air masses
and clouds resulting from this type
stratus, altostratus, cirrus, and cu-
mulus (Goyal, 2016).

— Orographic rainfall: this type of rain-
fall occurs when moisture-laden air
encounters a mountain range, the
air is forced to rise. It cools off at
the higher elevation and this con-
denses water out of the air and cre-
ates clouds and rains. If the tempera-
ture is cold enough, the precipitation
falls as snow. It is called orographic
rain because it is influenced by the
terrain when falling. Clouds forms
and precipitation occurs on the wind-
ward side of the mountain and an-
other side of the mountain is called
the leeward side, it receives very lit-
tle precipitation and clouds resulting
from this type stratus, altostratus and
cumulus and occurs in the northern
and northeastern regions (Ahrens,
2013; Lackmann, 2013), as shown in
Figure 1 (Gabler, Petersen, Trapasso
& Sack, 2009).

Sun heats the Il Warm ai , cools g %
land and the otonss, ol Raincan Gefténgaiian

Literature review

There many from studies to find the
effect of rainfall on soil erosion for the
selected station in Iraq and found when
analyzing the monthly total rainfall for
18 years that rainfall varies according to
the station height and geographic loca-
tion as well as by months.

Where northern stations recorded
the highest loss of the rain while south
stations recorded the lowest loss of the
rain and was the higher loss of rain dur-
ing winter months (December, January
and February) and was the lower loss of
rain during summer months (Al-Obeidi,
2008). Some research showed that the
highest rainfall was in the northern re-
gions, especially in Sulaymaniyah sta-
tion. The lowest rainfall was in Babil
station for the period of 2000-2013. The
amount of rainfall began to fluctuate and
decrease during 2007 due to temperature
variation (Salman, 2015). However, there
a seasonal study of convective available
potential energy (CAPE) is done using
6-h ERA-Interim data over West Africa
during 35 years (1979-2014).

Climatology of CAPE presented in
terms of seasonal means, variances and

Wair, moist
air is forced
torise over

Ait cools and
condenses,
forming

high areas clouds

Air descends,
warms and
becomes drier

FIGURE 1. Rainfall: a — convectional, b — cyclonic/frontal, ¢ — cyclonic (Gabler et al., 2009)

Analysis of the convective available potential energy by precipitation over Iraq

197



trends shows large values toward 12°—
—16° N with maxima during summer, ac-
cording to higher relative humidity due
to the arrival of monsoon in West Af-
rica (Meukaleuni, Lenouo & Monkam,
2016). Also, their synoptic study of the
role of convective available potential
energy on formation rainstorm over Iraq
and resulted in convectional precipitation
coincides convective available potential
energy this due to Low Mediterranean
Sea and Low Sudanese and the northern
regions of Iraq have the highest CAPE,
followed by the central regions and
southern regions, accompanied by the
highest rainfall values (Namdar, 2017).

Convective available potential
energy (CAPE)

CAPE is the amount of energy a
given parcel of air would have if lifted
a certain distance vertically through the
atmosphere. CAPE is effectively the
positive buoyancy of an air parcel and is
an indicator of atmospheric instability,
which makes it very valuable in predict-
ing severe weather. It is a form of fluid
instability found in thermally stratified
atmospheres in which a colder fluid
overlies a warmer one. An air mass will
rise if it is less dense than the surround-
ing air (its buoyant force is greater than
its weight). This can create vertically
developed clouds due to the rising mo-
tion, which could lead to thunderstorms.
It could also be created by other phe-
nomena, such as a cold front. Even if the
air 1s cooler on the surface, there is still
warmer air in the mid-levels that can rise
into the upper levels. However, if there is
not enough water vapor present, there is

no ability for condensation, thus storms,
clouds, and rain will not form (Schultz,
1989; Riemann-Campe, Fraedrich &
Lunkeit, 2009). CAPE exists within the
conditionally unstable layer of the tropo-
sphere, the free convective layer (FCL),
where an ascending air parcel is warmer
than the ambient air.

CAPE is measured in joules per kilo-
gram of air. Any value greater than 0
J’kg ! indicates instability and an increas-
ing possibility of thunderstorms and hail.
Often exceed the potential energy values
in the thunderstorms 1,000 J-kg ! and in
extreme cases may exceed 5,000 Jkg™'.
Generic CAPE is calculated by integrat-
ing vertically the local buoyancy of a
parcel from the level of free convection
(LFC) to the equilibrium level (EL):

L., T,
par eny dZ
T

Venv

ZI‘I
CAPE:IZ/_g[ (1)

whereas:

Z, — height of the equilibrium level,

Zr — height of the level of free
convection,

g — acceleration due to gravity,

T, Vpar virtual temperature of the specific
parcel [°K],

T,,,, — virtual temperature of the envi-
ronment [°K] (Doswell 1II & Rasmus-
sen, 1994; Gettelman, Seidel, Wheeler
& Ross, 2002).

Convective precipitation (C,)

Convective precipitation is also
known as thermodynamic precipitation.
While dynamic precipitation only needs
saturated air and lift, convective precipi-
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tation requires an additional component
called instability (Wang, 2013). Uplift
due to instability release occurs when the
air rises on its own after being lifted to a
certain point in the troposphere. Instabil-
ity is commonly assessed by examining
the Lifted Index (LI) and CAPE. Both
these indices can be used to assess the
acceleration rate of air once air from the
lower troposphere is brought to a level in
the troposphere where it will rise on its
own due to positive buoyancy. Instabil-
ity causes the air to rise much faster than
it would be forced lifting alone (Abbood
& Al-Taai, 2018a). Think of convec-
tive precipitation as falling from thun-
derstorms with strong updrafts while
dynamic precipitation falls from a deck
of stratus clouds. Convective precipita-
tion tends to have lighting, thunder and
heavy rain while dynamic precipitation
is more of a gentle long-lasting rain with
no lightning and thunder (Abbood & Al-
-Taai, 2018b).

Data and methodology

Study stations and location

Data were taken from the European
Center for Medium-range Weather Fore-
casts for monthly CAPE, C, and T, for
30 years, from 1989 to 2018 over Iraq.
As Iraq is located within the arid and
semi-arid region, it is characterized by
variance rainfall between one year and
another and this variation in the amount
of rain has made there are years charac-
terized by high quantities of general lev-
els it is a wet year, and other decreases in
the amount of rain it is a dry year (Zaka-
ria, Al-Ansari, Ezz-Aldeen & Knutsson,
2012). Iraq is located within the south-
western part of the continent of Asia.
The northeastern part of the Arab world
and extends between the two latitudes
29.5°-37.22° N and longitudes 48.45°—
—38.45° E; it includes the following sta-
tions as in Table 1 (Al-Timimi, 2012),
see Figure 2.

TABLE 1. The geographical locations of Iraqi stations (Al-Timimi, 2012)

Station Longitude [°] Latitude [°] Elevation [m]
Emadiyah 433 37.05 1236
Salahaddin 442 36.38 1075
Sulaymaniyah 45.45 35.53 843
Sinjar 41.83 36.32 583
Dohook 43 36.87 554
Zakho 42.72 37.13 433
Arbil 44 36.15 420
Rabiah 42.1 36.8 382
Taleafer 42.48 36.37 373
Kirkuk 44.35 35.47 331
Nukheb 42.28 32.03 305
Dukcan 44.95 35.95 276
Sumeel 42.75 36.87 250
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TABLE 1 cont.

Station Longitude [°] Latitude [°] Elevation [m]
Mosul 43.15 36.31 223
Rutba 40.28 33.03 222
Tuz 44.65 34.88 220
Khangin 45.38 34.35 202
Qaim 41.02 34.38 178
Anah 41.95 34.37 175
Biji 43.53 34.9 116
Hadithah 42.35 34.13 108
Tikrit 43.7 34.57 107
Samaraa 43.88 34.18 75
Heet 42.75 33.63 58
Najaf 4432 31.95 53
Ramadi 43.32 33.45 48
Kabhalis 44.53 33.83 44
Baghdad 44.4 333 32
Kerbela 44.05 32.57 29
Hella 44.45 3245 27
Makoor 43.6 35.75 22
Kut 45.75 32.49 21
Diwaniya 44.95 31.95 20
Hai 46.03 32.13 17
Samawa 45.27 31.27 11
Amara 47.17 31.83 9
Nasiriya 46.23 31.02

Basrah 47.78 30.52 2

Statistical used

There were several statistical tests
but selected Spearman rho tests for the
order of this work has been selected
regression analysis. In particular, the
simple linear regression to predict the
relationship between CAPE, C, and T,
(Bolboaca & Jantschi, 2006; Hron, Filz-
moser & Thompson, 2012). Where used
statistical program Sigma plot to calcu-
late the value of the slope of the regres-

sion (b) and the value of p-value simple
linear regression way and Surfer program
to graph total yearly mean of CAPE, C,
and T, over Iraq and GIS to graph Iraq
map (Padua, 2000; York, Evensen, Mar-
tinez & Delgado, 2004) and statistical
used represents in following equations:

— simple linear regression (SLR)
Y=a+bX (2)

— Spearman rho test (SRT)
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FIGURE 2. Locations of Iraqi stations
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Then calculating the amount of
(d;) through (d; = k; — i) where (i) val-
ue ranging / =1, 2, 3, ..., n. Where n
is the number of measurements in each
of the two varieties in the correlation, d;
is the ranked difference between the i
measurements for the two varieties. In
a statistical hypothesis test, the p-value
is the level of marginal significance rep-
resenting a given event’s probability of
occurrence. To calculate p-values, you
can use p-value tables or spreadsheet/
/statistical software (Al-jaf & Al-Taai,
2019a). A smaller p-value indicates that
there is stronger evidence favoring the
alternative hypothesis (Al-jaf & Al-Taai,
2019b).

Results and discussion

The total yearly mean of CAPE, C,
and T, over Iraq

Figure 3 shows the highest total
yearly mean of CAPE, C, and T, over
Iraq including northern stations as Do-
hook, Zakho, etc. This is due to meteoro-
logical factors, which include low tem-
peratures, high humidity and low solar
radiation. Which leads to the formation
of many clouds and rain, which are ac-
companied by many different weather
phenomena such as lightning, thunder,
storms and hurricane. While the central
and southern stations are characterized
by high temperature and low humidity
and the amount of solar radiation high,
which leads to a decrease in the number
of clouds and lack of rain as well as na-
ture of the surface and to the nature of
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FIGURE 3. Total yearly mean of T, (), C,, (b) and CAPE (c) over Iraq for 30-year period, from 1989

t0 2018

the various air masses that are blowing
on the country, climate changes, air pres-
sure systems, jet streams, the Mediterra-
nean sea cyclone and the Sudanese cy-
clone. Which have an important role in
the formation and rainfall? The amount
of rain is important to improve weather
and climate forecasting.

The total monthly mean of CAPE, C,
and T, over Iraq

Figure 4 shows the total monthly
mean of CAPE, C, and T, over the Do-
hook station. It is seen that the behavior
of rainfall with months oscillates be-
tween increase and decrease. Where the
highest average 30-year of the CAPE co-
efficient was during April and the lowest
in July and August months.

The highest total 30-year of the C,
coefficient was during March month and
the lowest in July and August months.
The highest total 30-year of the T, co-
efficient was during January month and
the lowest in July and August months.
Increased rainfall in winter and early
spring and autumn this due to increased
frequency of medium atmospheric de-
pressions and Sudanese cyclone, there is
light rain at the early summer returning

to the season Indian cyclone (thermal cy-
clone) and it dissolves in mid-summer.

Figure 5 shows the total monthly
mean of CAPE, C; and T,, over the Mo-
sul station. It is seen that the behavior of
rainfall with months oscillates between
increase and decrease where the highest
average 30-year of the CAPE coefficient
was during April and the lowest in July
and August months. The highest total
30-year of the C, coefficient was during
March month and the lowest in July and
August months.

The highest total 30-year of the T}, co-
efficient was during January month and
the lowest in July and August months.
Increased rainfall in winter and early
spring and autumn this due to increased
frequency of medium atmospheric de-
pressions and Sudanese cyclone, there is
light rain at the early summer returning
to the season Indian cyclone (thermal cy-
clone) and it dissolves in mid-summer.

Figure 6 shows the total monthly
mean of CAPE, C, and T}, over the Rab-
iah station. It is seen that the behavior of
rainfall with months oscillates between
increase and decrease where the highest
average 30-year of the CAPE coefficient
was during April and May while the low-
est in July and August months. The high-
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FIGURE 4. The total monthly mean of convec-
tive available potential energy (J-kg™!), monthly
convective precipitation (mm) and total monthly
precipitation (mm) respectively by CAPE, C,, and
T, for Dohook station

est total 30-year of the C,, coefficient was
during March and December months and
the lowest in July and August months.
The highest total 30-year of the T, co-
efficient was during January and De-
cember months while the lowest in July
and August months. Increased rainfall in
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FIGURE 5. The total monthly mean of convec-
tive available potential energy (J-kg™!), monthly
convective precipitation (mm) and total monthly
precipitation (mm) respectively by CAPE, C,, and
T}, for Mosul station

winter and early spring and autumn this
due to increased frequency of medium
atmospheric depressions and Sudanese
cyclone, there is light rain at the early
summer returning the season Indian cy-
clone (thermal cyclone) and it dissolves
in mid-summer. Figure 7 shows the total
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monthly mean of CAPE, G and T, over
the Sinjar station. It is seen that the be-
havior of rainfall with months oscillates
between increase and decrease where the
highest average 30-year of the CAPE co-
efficient was during April and May while
the lowest in July and August months.

The highest total 30-year of the C,
coefficient was during March and De-
cember months and the lowest in July
and August months. The highest total
30-year of the T, coefficient was dur-
ing January and December months while
the lowest in July and August months.
Increased rainfall in winter and early
spring and autumn this due to increased
frequency of medium atmospheric de-
pressions and Sudanese cyclone, there is
light rain at the early summer returning
to the season Indian cyclone (thermal
cyclone) and it dissolves in mid-sum-
mer. Figure 8 shows the total monthly
mean of CAPE, C, and T, over the Za-
kho station. It is seen that the behavior of
rainfall with months oscillates between
increase and decrease where the highest
average 30-year of the CAPE coefficient
was during April and may while the low-
est in July and August months. The high-
est total 30-year of the C, coefficient
was during March and April months and
the lowest in July and August and Sep-
tember months. The highest total 30-year
of the T}, coefficient was during January
and December months and the lowest
in July and August months. Increased
rainfall in winter and early spring and
autumn this due to increased frequency
of medium atmospheric depressions and
Sudanese cyclone, there is light rain at
the early summer returning to the season
Indian cyclone (thermal cyclone) and it
dissolves in mid-summer.
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tive available potential energy (J-kg™'), monthly
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The total yearly mean of CAPE, C,
and T, for the selected station over
Iraq

Figure 9 shows the maximum
yearly mean of CAPE, C, and T, over
Dohook station respectively 101.9047
Jkg™! for the 2006 year, 434.2045 mm
for the 2018 year, 908.7591 mm for the
1992 year. The maximum yearly mean
of CAPE, C, and T,, over Mosul station
respectively 96 84094 Jkg™!, 410.1414
mm, 718.0172 mm for the 2018 year.
The maximum yearly mean of CAPE,
C, and T, over Rabiah station respec-
tively 106.2608 J-kg™! for the year 2006,
400.8977 mm, 692.3379 mm for the
2018 year. The maximum yearly mean
of CAPE, C,, and T, over Sinjar station
respectlvely 100.6505 Jkg! for 2006
year, 377.1396 mm, 605.5202 mm for the
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FIGURE 9. The yearly mean of CAPE, C, and T,

2018 year. The maximum yearly mean of
CAPE, C,, and T,, over Zakho station re-
spectlvely 106.8305 J-kg™' for the 2006
year, 479.4777 mm for the 2018 year,
935.4565 mm for the 1992 year. Iraq
is affected by the cyclone arrival of the
Mediterranean Sea (rain is concentrated
in northern regions) and the Sudanese
cyclone (rain is concentrated in central
and southern regions) this leading to pre-
cipitation, thunderstorms and changes in
wind speed and direction, atmospheric
pressure, temperature and humidity.

The relationship between CAPE, C,
and T, for the selected station over
Iraq

Figure 10 shows the type of relation-
ship and the strength of the correlation
between meteorological parameters for
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selected station Dohook, Mosul, Rabiah,
Sinjar and Zakho. Where the relationship
between the convective available poten-
tial energy and the convective precipita-
tion is positive and the relationship be-
tween the convective available potential
energy and the total precipitation is posi-
tive too at all station but Mosul station
represents very high correlation while
Zakho station represents low correlation.
This due to heating of ground surface
when the land warms up, it heats the air
above it. This causes the air to expand
and rise. As the air rises, it cools and
condenses this lead to form clouds and
convective rainfall is often accompanied
by lightning and thunder. Which makes
the high correlation. However, Mosul
has high heating but weak condensation,
leading to fewer clouds and rains, thus
rainfall depends on geographical loca-
tion and nature of the region. Table 2
shows relationship between CAPE with
C, and T, for the 30 years over Iraq.

Conclusions

Iraq is characterized by a lack of rain-
fall and limited to winter mainly and
the beginning of spring and autumn
less degree this due to the increased
frequency of medium atmospheric
depressions but in spring and autumn
are less rainy because the Mediterra-
nean declines are losing their impact
on Iraq and the region is under the
influence of tropical continental air,
which is characterized by drought.
Thus, lead to increased drought and
high evaporation due to the amount
of solar radiation high especially in
summer.

Rain is increasing in the northern sta-
tions more than in the southern sta-
tions, where it gradually takes shape
in the north. Rain falls more than the
central stations where the central sta-
tions have more rain than the south-
ern stations. This difference is due to

TABLE 2. The relationship between CAPE with Cj, and T, for the 30 years over Iraq

Simple linear regression Spearman rho test

é?ﬁi{gﬁgg )4 Correlation degree R relation Station
linear relation <0.001 high positive correlation 0.8 | CAPEvsC, Dohook
linear relation <0.001 high positive correlation 0.8 | CAPEvs T,

linear relation <0.001 high positive correlation 0.9 | CAPEvsC, Mosal

linear relation <0.001 high positive correlation 0.7 | CAPEvs T,

linear relation <0.001 high positive correlation 0.8 | CAPEvs C, Rabiah
linear relation <0.001 high positive correlation 0.6 | CAPEvsT,

linear relation <0.001 | very high positive correlation | 0.8 | CAPE vs C, Sinjar

linear relation <0.001 high positive correlation 0.7 | CAPEvs T,

linear relation <0.001 middle positive correlation 0.7 | CAPEvs C, .

linear relation <0.001 low positive correlation 0.5 | CAPEvs T,
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the nature of the Earth’s surface and
the different air masses blowing on
the country.

— The main reason for Iraq’s rains dur-
ing winter and spring is the Mediter-
ranean Sea cyclone, Sudanese cy-
clone, convective clouds, instability,
the pressure systems, meteorological
factor, and airlifting mechanism, na-
ture of the surface, various air mass-
es, terrain and jet streams.

— The relationship between CAPE and
C, is positive and the relationship
between CAPE and T, is positive too
at all station but Mosul station repre-
sents very high correlation while Za-
kho station represents low correlation
this due to the nature of the region,
airlifting mechanism, condensation
and the meteorological factors.

— The Dohook station the maximum
yearly mean of CAPE, C, and T,
respectively 101.9047 J- kg for
the 2006 year, 434.2045 mm for
the 2018 year, 908.7591 mm for the
1992 year.

— The Mosul station the maximum
yearly mean of CAPE, C, and
T, respectively 96.84094 J kg™,
410.1414 mm, 718.0172 mm for the
2018 year.

— The Rabiah station the maximum
yearly mean of CAPE, C, and T,
respectively 106.2608 J- kg for the
2006 year, 400.8977 mm, 692.3379
mm for the 2018 year.

— The Sinjar station the maximum
yearly mean of CAPE, Cp and T, re-
spectively 100.6505 J- kg’1 for 2006
year, 377.1396 mm, 605.5202 mm
for the 2018 year.

— The Zakho station the maximum
yearly mean of CAPE, C, and T,

respectively 106.8305 Jkg™' for
the 2006 year, 479.4777 mm for
the 2018 year, 935.4565 mm for the
1992 year.

— The Zakho station of Iraq has the
highest total monthly mean of CAPE
accompanied by the highest convec-
tive and total precipitation.
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Summary

Analysis of the convective available
potential energy by precipitation over
Iraq using ECMWF data for the period of
1989-2018. The Convective Available Po-
tential Energy (CAPE) represents the amount
of energy for a sample of air. The sample de-
parts vertically within the atmosphere and
through these values the potential energy to
predict the extreme weather conditions such
as storms, hurricanes, lightning and thunder.
Data are taken by CAPE, convective precipi-
tation (Cp) and total precipitation (T},) from
satellites recorded by the European Cen-
tre for Medium-Range Weather Forecasts
(ECMWF). The choice of 30 years (1989—
—2018) over Iraq station between two lati-
tudes (29.5°-37.22° N) and two longitudes
(48.45°-38.45° E). Otherwise, we have stud-
ied total yearly mean of CAPE, C, and T,
over Iraq, the total monthly mean of CAPE,
C, and T, for the selected station, as well as
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the relationship between of CAPE, C, and T,
for the selected station. The results showed
that the highest total yearly mean of CAPE,
C, and T, over Iraq was included northern
stations and lowest was included central and
southern stations. The highest total monthly
mean of CAPE, C,, and T, for Zakho station.
The relationship between the CAPE and
C, is positive and the relationship between
CAPE and T, is positive too at five stations
but Mosul station represents very high corre-
lation while Zakho station represents the low
correlation.
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Introduction

Global climate change would affect
human health via pathways of varying
complexity, scale and directness and
with different timing. Similarly, impacts
would vary geographically as a function
both of environment and topography and
of the vulnerability of the local popula-
tion (Michael, 2007; Mogil, 2007). Im-
pacts would be both positive and negative
(although expert scientific reviews an-
ticipate predominantly negative). This is
no surprise since climatic change would
disrupt or otherwise alter a large range of
natural ecological and physical systems
that are an integral part of Earth’s life
support system (NWS-NOAA, 2014).
Via climate change humans are contrib-
uting to a change in the conditions of life
on earth. The main pathways and catego-

ries of health impact of climate change
are shown in Figure 1.

The more direct impacts on health
include those due to changes in exposure
to weather extremes (heat waves, winter
cold); decreases in winter mortality due
to milder winters may compensate for
increases in summer mortality due to the
increased frequency of heat waves (Ses-
sler, 2009). In countries with a high level
of excess winter mortality, such as the
United Kingdom (Langford & Bentham,
1995; Roony, McMichael, Kovats &
Coleman, 1998). The health impacts of
climate variability are, in general, likely
to be more pronounced over the near
term than are those of climate change.
For example, large anomalies in temper-
ature and rainfall in a particular season
could cause a number of vector-borne
and water-borne epidemics, thereafter
the weather could return to normal. Ex-
tremes of heat can cause heat exhaustion,
cardiovascular disease (heart attacks and
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FIGURE 1. Pathways by which climate change affects human health, including local modulating influ-
ences and the feedback influence of adaptation measures (Patz et al., 2000)

strokes) while cold spells can lead to hy-
pothermia and increase morbidity and
mortality from cardiovascular disease
(Lindsay & Martens, 2000).

In this research, 40 blood samples
were taken from the individual exposure
heat wave and the necessary laboratory
tests were performed. Most of the tests
were conducted by specialized doctors,
where these readings were taken from
the laboratories of hospitals (medical
city), Ibn al-Baladi Children’s Hospital,
Kadhimiya and Sheikh Zayed hospital
by age groups (10—60 years) and for both
genders. This study is the first study ofits
kind in the Department of Atmospheric
Sciences, but for laboratory tests, it gives

basic and basic laboratory indicators to
monitor human health and reveals the
presence of disorders in the vital func-
tions of the human body; these tests in-
clude: ESR, CRP, HB, PL, PCV.
Erythrocyte  sedimentation  rate
(ESR) is a blood sedimentation test,
which is a laboratory test, in which the
blood components are deposited and
calculates the time taken for sedimenta-
tion. Level of erythrocyte sedimentation
for inflammation in the body. Infections
generally cause the proteins in the blood
cells to change, causing them to bind in
mass, becoming denser than proteins in
normal blood cells. The ESR test simply
measures the rate of deposition in the
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cells. The lower the test tube, the faster
it falls down, the more inflammatory it
is in the body (Michael, 2015). Table 1
presents normal values according to the
Westergren method.

TABLE 1. The Westergren method standards for
ESR according to age and sex

Specification N(Emrmn?lh\i?;ue
Newborn 0-2
Children 1-10
Males in total 0-25
aged 0-50 <15
aged 51-85 <20
aged > 85 <30
Females in total 0-30
aged 0-50 <20
aged 51-85 <30
aged > 85 <42

C-reactive protein (CRP) is an analy-
sis done to determine the amount of
protein in the blood in the human body
and is an abbreviation of the medical
term C-reactive protein. If this protein
is found to increase in blood, it means
that the person has acute inflammation,
which helps the doctor to diagnose and
treat some diseases (Chen et al., 2006).
There are two types of CRP test: (1) reg-
ular CRP: protein test found in very high
blood between 10 and 1,000. This test is
used to determine the presence of inflam-
mation or infection in the body; (2) high
sensitivity CRP: high-sensitivity protein
test, which helps in measuring the pro-
portion of light color protein in the blood
between 0.05 and 10 mg1™!. It is used
in normal people to determine the extent

of coronary insufficiency or some heart
disease.

Hemoglobin (HB) analysis is useful
to know the patient’s blood status in case
of anemia (anemia, bleeding, infection
or allergy), depending on the height of
each component of the blood or low.

Platelet counts (PL) are part of the
CBC analysis to determine the triglycer-
ides and the standard and percentage of
each.

Packed cell volume (PCV) is one of
the CBC tests, which is the ratio of the
size used by red blood cells, and is a way
to determine whether the number of red
blood cells is high or low or normal.

TABLE 2. Reference values unit normal the We-
stergren CBC value range for male and female

Factor Value
WBC 5.00-10% iu
HB 11.0-14.0 gdI™!
PCV 11.6-14.0
PL 150-10% iu
Climate of Baghdad

Baghdad is the capital of Republic
of Iraq and is located in the middle of
it along the Tigris river. It splits Bagh-
dad in half, with the eastern half being
called Risafa and the western half known
as Karkh (Fig. 2). Geographically, Bagh-
dad is situated at latitude 33.6-33.5° N,
longitude 44.25-44.5°E and 30-38 m
above mean sea level (msl). It covers
an area of 857.3 km? and forms 0.2% of
an overall Iraq area and is in the heart
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]

FIGURE 2. Map of Baghdad

of ancient Mesopotamia. The land is al-
most entirely flat and low-lying. The cli-
mate of Baghdad has a subtropical desert
climate (Koppen climate classification
BWH) featuring extremely hot, dry sum-
mer and mild, damp winter (Roth, 2007).
The mean annual range of air tempera-
ture over a whole gear is 15-34°C with
the mean of 25°C, while annual range of
the mean daily sunshine duration is about
10-14-14 h with mean of 7.5 h.

Material and methods

Study group

The study was conducted for the pe-
riod of June, July and August 2019, it
included 40 blood samples for patients
exposed to heat waves who attended to

rE

. . —

Medical City, Ibn Al-Baladi, Sheikh Za-
yed, Kadhimiya Educational with male
and female ages 10—60 years, CBC analy-
sis was performed.

Blood sample

Blood venous (5 ml) was withdrawn
from 40 patient’s by using sterile medi-
cal syringe and placed in clean, dry plas-
tic tubes free of anticoagulants and let it
coagulate at room temperature and then
placed in a centrifuged for 10 min (3,000
rpm) to separate serum.

Statistical analysis

Statistical analysis of the data was
carried out using (SigmaPlot) software
to analyze the results and conclude the
variance. The significant values of the
analyses were calculated (CRP, ESR,
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WBC, PL, PCV). The mean values were
calculated for each age group which di-
vided in to five sub-groups, each group
comprising (10 years) shown in Table 3,
as well as calculated the deviation and
percentage for each group.

TABLE 3. Number of patients exposed to heat
wave

TABLE 4. Average and standard deviation for

three summer months for the year 2019

Month AVG SD
June 42.72 3314
July 47.53 1.816

August 47.4 2

Age Numbers
group of cases
10-19 8
20-29 6
30-39 14
40-49
50-60
Total 40

Result and discussion

Daily average of maximum air
temperature

The air temperature is one of the im-
portant atmospheric elements because
of its wide effects on climate variables.
Baghdad’s climate was described using
maximum temperatures in the summer.
The monthly trend data for the three
months of the summer (June, July and
August) and the results showed that
the general trend of temperature has in-
creased over time clearly over the month-
ly averages despite the variation in these
rates as shown in Table 4. Where the av-
erage temperature for the month of June
(42.72) was the standard deviation for it
(3.314), the average temperature for July
(47.53) and the standard deviation was
(1.816), the average temperature for the
month of August (47.4) and the standard
deviation for it (2).

Figure 3 shows the daily air max tem-
peratures for the three summer months
(June, July and August) for the year
2019, where we notice through these
forms that the general trend of tempera-
tures indicates an increase despite the
presence of fluctuations ranging from
increase and decrease, and that the sum-
mer months (June, July and August) are
distinguished by the fact that it has an in-
creasing trend of temperatures as shown
in Figure 3.

As shown in Table 5 which illus-
trated the mean and percent value for
CRP, ESR and CBC analyze for patients
(male). Table 5 also shows the average
temperature of three months of summer
(June, July, August) for the year 2019.

The result for CRP was (mean and
percent) for all age group (10-60 years)
the mean were (12, 14.5, 17, 15.5, 17)
respectively and the percent were (92%,
99%, 100%, 100%, 100%) respectively
we observe a highly percent was in age
group (30-39, 40-49 and 50-60). This
result was in a concordance with per-
formed by (Chen et al., 2000).

CRP was elevated after exposure to
infectious agent and consider as a bio-
marker for detecting of acute inflamma-
tion but there is no explanation for their
elevation after exposing to heat wave be-
cause there is no previous studies focus
in this field.

The result for ESR was (mean and
percent) for all age group (10-60 years)
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FIGURE 3. Daily air max temperature for three
months (June, July and August) for 2019

the mean were (43, 40.5, 53.5, 43, 49)
respectively, the percent were (99%,
101%, 100%, 100%, 100%) respectively,
we observe a highly percent was in age
groups (30-39 and 50-60). This result

was in an agreement which performed
by Michael (2015).

The increased rate of erythrocyte
sedimentation is only an indication of in-
flammation or disease in the human body
as it interacts with acute conditions in
the body that lead to a rise in the level of
ESR in the blood (MedlinePlus, 2012).

The result for CBC analyze (WBC,
PCV, PL) (mean and percent) for all age
groups (10—60 years) were WBC (10.5,
14.15, 11.35, 11.55, 11) respectively
(99%, 101%, 100%, 100%, 99%) re-
spectively we observe a highly percent
was in age groups (20-29). PCV (27, 36,
28, 28.5, 32) respectively (100%, 100%,
100%, 100%, 100%) respectively, we
observe a highly percent in age groups
(20-29, 50-60) and PL (215, 268.5,
182.5, 215.5, 215) respectively, (101%,
101%, 100%, 100%, 100%) respective-
ly, we observe a highly percent in age
groups (10-19, 20-29, 30-39, 40-49,
50-60). This result was in an agreement
which performed by Reiser (1981) and
Brewer (2006).

As shown in Table 6 which illus-
trated the mean and percent value for
CRP, ESR and CBC analyze for patients
(female). Table 6 also shows the aver-
age max air temperature of three months
of summer (June, July, August) for the
year 2019 which was (45.8). The result
for CRP (mean and percent) for all age
groups (10-60 years) were (14, 17, 15,
15, 12) respectively (99%, 100%, 100%,
101%, 100%) respectively, we observe a
highly percents was in age groups 20-29,
30-39 and 40-49.

The result for ESR (mean and per-
cent) for all age groups (10-60 years)
were 46, 31.5,43.5,47.5, 31) respective-
ly (100%, 100%, 101%, 100%, 99%) re-

Heat waves and health impact on human in Baghdad

217



TABLE 5. Result of CBC analyses for male for three summer months (June, July and August) for

2019
Age l\é[}e{a; CRP% l\ég‘;f ESR% &g‘g WBC% I\Ifé;‘f PCV% N{ffn PL% [T"g]
1019 [ 12 | 92 | 43 | 99 | 105 | 99 27 | 100 | 215 | 101
2029 | 145 | 99 | 405 | 101 |14.15| 101 | 36 | 100 |268.5 | 101
3039 | 17 | 100 | 535 | 100 | 1135 ] 100 | 28 | 100 | 1825] 100 |
4049 | 155 | 100 | 43 | 100 | 1155 100 | 285 | 100 | 2155 100
5060 | 17 | 100 | 49 | 100 | 11 99 32 | 100 | 215 | 100
Total | 155 | 100 | 43 | 100 | 1135 100 | 285 | 100 | 215 | 100

TABLE 6. Result of CBC analyses for female for three summer months (June, July and August) for

2019
Age l\él‘?}‘} CRP% l\ég‘i‘il ESR% h\f,%ag WBC% lifgi}l PCV% N{ffn PL% [T“g]
1019 | 14 | 99 | 46 | 100 | 119 | 100 | 33 | 100 | 131 | 100
2029 | 17 | 100 | 315 | 100 | 10.85| 100 | 30 | 100 |220.5| 100
3039 | 15 | 100 | 435 | 101 | 1135 | 99 29 | 100 1905 99 |
4049 | 15 | 101 [ 475 [ 100 | 119 | 101 | 325 | 100 | 201 | 101
5060 | 12 [ 100 | 31 | 99 | 76 | 101 | 31 | 100 | 245 | 100
Total | 15 | 100 | 435 | 100 | 1135 | 100 | 31 | 100 |2205]| 100

spectively, we observe a highly percents
was in age groups (10-19, 30-39, 30-39
and 40-49).

The result for CBC analyze (WBC,
PCV, PL) (mean and percent) for all
age groups (10-60 years) were WBC
(11.9, 10.85, 11.35, 11.9, 7.6) respec-
tively (100%, 100%, 99%, 101%, 101%,
99%) respectively, we observe a highly
percents in age groups (10-19, 20-29,
30-39, 40-49). PCV (33, 30, 29, 32.5,
31) respectively, (100%, 100%, 100%,
100%, 100% ) respectively, we observe
a highly percent in age groups (10-19,
20-29, 30-39, 40-49, 50-60) and PL
(131, 220.5, 190.5, 291, 245) respective-
ly (100%, 100%, 99%, 101%, 100%) re-
spectively, we observe a highly percents

in age groups (20-29, 30-39, 40-49,
50-60).

Figures 4 and 5 show the number
of high levels of CBC values for all age
groups from (10-60 years) this rise ap-
pears clear in males more than females
and due to the increase in diseases in
males more than females due to the fact
that the immune factor in men is lower
than the immune factor in women be-
cause of the high estrogen in women
which strengthens the immune system
(MedlinePlus, 2012).

This study showed that platelets
have a high count. The platelets that
control levels of liquidity and blood clot-
ting, if the medical results of more than
100,000 plates, this indicates a defect in
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blood fluid and this explains the injury of
patients exposed to heat waves of heart
clots and angina.

Hyperthermia is distinct from a fe-
ver heat stroke generally present with
a hyperthermia of greater than 40.6°C,
combination with disorientation before
when body exposure to high temperature
and heat stroke keratinocytes can pro-
duces (IL-1) which interleukin induce
hypothalamus to produce prostaglandin
(PGE,) with through interaction with the
(GP3) receptor stimulates neurotransmit-
ters such as cyclic adenosine monophos-
phate and increase body temperature.

Also this cytokines stimulate produc-
tion of inducible cycloxygenase (arachi-
donic acid metabolite) and through this
pathway thromboxane A, (TXA,) will
produce which causes vasoconstriction
and promote platelet aggregation, as a
consequence dissemination clotted will
occur and multiorgan failure is the main
cause of death.

Conclusion

According to the result of present
study we can conclude that all people
who exposed for heat wave are under
risk to initiate heart attack that may occur
due to the highly significant increasing
in their platelet count and CRP level.
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Summary

Heat waves and health impact on hu-
man in Baghdad. This investigation aim to
evaluate the effect of heat wave on health of
human, so to achieve this 40 blood samples
for person exposed to heat wave were drawn
most patients were attend to specialists in
hospital laboratories (Medical City, Ibn al-
-Baladi, Sheikh Zayed, Kadhimiya Educa-
tional). The patients aged 10—60 years, male
(20) and female (20). CBC analyzes was
performed. The result of the presents study
recorded a highly significant difference in
total (mean and percent) as compared with
the normal value of the CBC analyze the re-
sult for total (mean and percent) for male the

factors CRP, ESR, WBC, PCV, PL (15.5, 43,
11.35, 28.5, 215) respectively (100%, 100%,
100%, 100%, 100%) and the result for total
(mean and percent) for female the factors
CRP, ESR, WBC, PCV, PL (15, 43.5, 11.35,
31, 220.5) respectively (100%, 100%, 100%,
100%, 100%). According to the result we can
conclude that there was a highly significant
deferent in mean value for patient compared
with the normal value which is the mean
cause of hard attack which lead to death. The
study is the first of its kind in the Department
of Atmospheric Sciences in Iraq.
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Introduction

The building sector’s large contribu-
tion to the total energy use in the EU,
estimated to be 40% (Directive 2010/31/
/UE) simultaneously creates a potential
for reducing its power consumption as
well as the emission of greenhouse gas-
ses by implementing pertinent solutions.
Current Polish and EU research con-
firms, that efforts to improve the energy
efficiency of the building sector have led
to a significant impact on the reduction of
greenhouse gas emissions and are conse-
quently mitigating the effects of climate
change (Report COM(2017) 56). They
also decrease the low-stack emissions,
which pose significant harm to the public
and the environment. The requirements
and laws to reduce the energy consump-
tion and to up the share of renewable

energy sources employed in buildings
are becoming stricter, which forces the
inception of new, innovative technolo-
gies. One of them is a thermal barrier in
the exterior wall creating a nonstandard
thermal insulation (Xu, Wang, Wanga
& Xiao, 2010). Buildings with an ac-
tive thermal barrier are categorized as
thermo-active building systems (TABS).
A thermal barrier is achieved by maintain-
ing a constant flow of a low temperature
medium, most commonly a solar fluid,
through a conduit properly spaced out
within the layer of the exterior wall. Dur-
ing the heating period this medium has a
lower temperature compared to the con-
ditions inside the building, but a higher
temperature compared to conditions in-
side the same wall layer had the pipes not
been installed. This way heat loss due to
transmission is minimized. Energy sup-
plied this way to the outer wall interior is
most commonly derived from solar and
geothermal energy accumulated in a spe-
cial thermal energy storage. The active
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thermal barrier can be used not only for
heating, but also for the cooling of the
building. In such a case, the temperature
of the medium is lower compared to the
temperature of the same wall interior lay-
er had the pipes not been installed.

Such an application of a relatively
low-temperature medium is intended to
limit heat loss due to transmission in new
buildings as well as thermo-modernised
buildings using one of various systems,
including: ISOMAX, ISOACTIVE-3D,
BT&SONS Kft system.

Active thermal insulation

Walls with active thermal insulation
can have different constructions. How-
ever, they always have coils that gen-
erate a thermal barrier for heat transfer
through the wall. One of the first systems
using this solution was the ISOMAX
system. In this system an external wall is
built from 12.5 cm foamed polystyrene
board connected by means of patented
concrete fins to another 12.5 cm foamed
polystyrene board. Between them PP
pipes in form of meanders are placed.
The space between these foamed poly-

styrene boards is filled with BIO-POR
concrete. The construction of such a wall
is based on a core in which a constant
temperature is maintained, and which is
thermally well insulated on both sides.
A thermal barrier is achieved by pro-
viding a constant flow of a low-param-
eter medium through pipes appropriately
placed in the core. The application of
a partition with a thermal barrier prevents
vapour from escaping and significantly
reduces the loss of heat by transmis-
sion from a building interior by creat-
ing blockades preventing heat flow from
the areas of higher energy levels into the
lower ones. Figure 1 presents the scheme
of such a partition.

Walls with active thermal insulation
of slightly different construction are used
in Hungary. In ISOACTIVE-3D technol-
ogy, the external wall is made of foamed
polystyrene board: 5 cm thick (external)
and 15 cm connected by means of a spe-
cial metal mesh embedded in lightweight
concrete. The PP pipes are placed in the
outer layer of the concrete. Similar to the
ISOMAX system, the thermal barrier
is achieved due to the constant flow of
a low-temperature medium through the
coils. The scheme of such a partition is

-0 -0-0,;0-

FIGURE 1. The scheme of an insulated external partition: a — traditional; b — with a thermal barrier in
the ISOMAX system (12.5 cm of foamed polystyrene, 15 cm of BIO-POR — concrete with PP pipes,

12.5 cm of foamed polystyrene)
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shown in Figure 2. Walls with active As observed the coils can be located
thermal insulation from BT&SONSKIft in different layers of the wall cross-sec-
have different constructions shown in tion. The effectiveness of the coil’s oper-

Figure 3. ation as a thermal barrier depends largely
a b
Concrete
Polystyrene
foam
Pipes

FIGURE 2. The view and the scheme of the external partition with a thermal barrier in the ISOAC-
TIVE-3D system (5 cm of foamed polystyrene from the outside, lightweight concrete with PP pipes,
15 cm of foamed polystyrene, lightweight concrete, all connected with a metal mesh embedded in
concrete)

i i R : - .
FIGURE 3. The scheme of the external partition with an active thermal insulation BT&SONS Kft:
a — a partition made of 30 cm Porotherm, insulated with 14 cm thick foamed polystyrene with PE
pipes with a low parameter measure on the outside; b — a partition made of 5 cm Porotherm, 12 cm of
foamed polystyrene, 7 cm of Porotherm with PE pipes on the outside and external layer of 8 cm foamed
polystyrene
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FIGURE 4. The external partition with an act-
ive thermal insulation (photo by BT&SONS Kft,
15 April 2017)

[ 1]

on its position as well as on the tempera-
ture level of the medium that supplies it.

The building’s heating in the above-
-mentioned technologies using an active
thermal insulation is realised through
a combination of passive solar energy
use within the roof and outer walls as
well as geothermal energy. There is a so-
lar absorber in the building’s roof. It con-
sists of a system of thin polypropylene or
polyethylene pipes located directly under
the roof, but above the insulation layer of
the roof structure (between roofing and

il

FIGURE 5. Heat storage under the foundation plate and outside the building (photo by BT&SONS Kft,

15 April 2017)

FIGURE 6. The scheme of the building with an
active thermal insulation in external partitions
(illustration by BT&SONS Kft system, 15 April
2017): 1, 2 — heat storage under the foundation
plate or next to the building; 3 — circulating pump;
4 — coils in external walls; 5 — roof absorber

roof insulation). The system of polypro-
pylene pipes is also in the core of the
external walls (Fig. 4). Under the build-
ing there is a foundation — a floor plate.
It also has a polypropylene pipe system
insulated with foamed polystyrene and it
performs the function of an underground
heat storage system (energy reservoir)
— Figure 5. The principle of the system’s
operation is as follows (Fig. 6).

Solar energy is absorbed by the solar
absorber below the roof and is transmit-
ted to the external walls. The excess of
energy, which is not used for the build-
ing’s heating is accumulated in the un-
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derground storage system. As the needs
arise this energy is consumed. Energy
obtained from the sun, stored under the
foundation plate is returned to the wall’s
core from cellular concrete and it also in-
directly heats the soil under the building.
For the sake of high air tightness of the
building the mechanical ventilation with
heat recovery is used additionally.

The influence of thermal barrier
position on its effectiveness

The outer walls with a thermal bar-
rier limit heat transmission losses from
heated rooms. In the ISOMAX system
polypropylene pipes with heating me-
dium are located exactly in the centre of
the wall’s core. In reality they can be in
any place inside the wall. In the parti-
tions used in Hungary, the coils are lo-
cated on the outside of the wall. There-
fore, the following section shows how
the location of the pipes influences heat
transmission losses from heated rooms.
For this purpose, the model of an outer
wall with thermal barrier presented in
earlier works was used (Leciej-Pirczew-
ska & Szaflik, 2006, 2010). It is based
on the balance of energy supplied and
discharged from the partition. Based on
this the heat fluxes O, O, and O3 were
determined (Fig. 7). = .

The heat fluxes O, O, and Q5 were
made dependent on R; — the thermal re-
sistance of the internal courses of the
external wall (these which are between
pipes and the room), in order to better
display this problem.

The calculations were conducted for
the walls made of the same materials as
presented in the above section about ac-
tive thermal insulation. The results of cal-

culations for a partition in the ISOMAX

system are introduced in Figure 7 for three

different locations of thermal barrier and
for the wall without this barrier. The fol-
lowing data was used in the calculations:

— internal temperature 7; = 20°C,

— external temperature 7, = —16°C,

— initial medium temperature 7, =
= 10°C,

— medium thermal capacity W = 104.8
WK :

_ Heat fluxes Q1 /0, O,/ Q and 95/

/ Q relative as a function of thermal re-

sistance R; established for such condi-

tions are introduced in Figure 8.

The heat flux transmission from the
room () decreases when the thermal
barrier moves along the outside. The heat
flux transmission outside the building
0O, and the heat flux given out during
medium flow Q3 grows when the ther-
mal barrier moves along outside.

The use of a thermal barrier consider-
ably limits the heat losses from the room.
The heat flux transmitted from the inside
when the outer wall has a thermal barrier
decreased compared with the wall with-
out thermal barrier by:

—  41.09% for the outer wall in [ZOMAX
system with thermal barrier located
inside the core,

—  44.75%forthe outerwallin[ZOMAX
system with thermal barrier located
in the centre of the core,

—  47.32% for the outer wall in [ZOMAX
system with thermal barrier located
outside the core,

— 57.32% for the outer wall in
BT&SONS Kft system with thermal
barrier on the outside (Fig. 3b),

— 59.22% for the outer wall in
BT&SONS Kft system with thermal
barrier on the outside (Fig. 3a).
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Qa=231W
e

} :9‘.=B.3W

~

T Qs=12,5W

0 | — heat flux penetrated from the room, Q2 — heat flux penetrated outside, Q3 — heat flux given up
during medium flow, 9 — heat flux penetrated from the room with traditional wall without thermal

barrier.

FIGURE 7. Possible solutions of outer wall and wall’s temperature distribution: a — traditional, highly-
-insulated outer wall without thermal barrier; b — outer wall with thermal barrier — PP pipes are close
to outside the core; ¢ — outer wall with thermal barrier — PP pipes are in the centre of the wall’s core;
d — outer wall with thermal barrier — PP pipes are close to inside the core

Resulting from this analysis, the high-
est reduction of heat losses is achieved
with the thermal barrier positioned on
the outside of the core. Such a position
of the thermal barrier inside the wall is
usually encountered in newly thermo-
renovated buildings. This instance of the
barrier placement has been thus assumed
for further energy analysis below.

Thermal barrier influence

on the energy performance

of a typical single-family house
and CO, emission

It is interesting, to what degree the
thermal barrier can contribute to im-
provement of the building’s energy
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FIGURE 8. Diagram of relative heat fluxes Q 1/ Q, Q2 / Q and Q3 / Q depending on thermal resistance
of the internal courses of the external wall R [m>K-W ']

performance and the reduction of CO,
emissions. To arrive at an answer to this
question an analysis of the influence of
the energy consumption on a typical sin-
gle-family building after thermo-mod-
ernisation was conducted. It was impor-
tant to determine the following quantities
for the selected building:
— the index of annual demand for final
energy (EK),
— the index of annual energy needs
(EU).

Methodology of research

Calculations were performed us-
ing current procedures for evaluating
building energy performance, using the
monthly method, according to 2016
Regulation of the Minister of Infrastruc-
ture and Construction methodology.
The general calculations of the energy
demand for heating, cooling and venti-
lation are based on methods from CEN

standards (ISO 13790:2008). The energy
demand for heating and ventilation in the
building has been determined, excluding
heating of domestic hot water. The gen-
eral calculations are based on methods
from CEN standards (ISO 13790:2008).
Emission factors for electricity are taken
from the report of the Polish Nation-
al Centre for Emissions Management
(KOBIiZE, 2018). On that basis, CO,
emissions were calculated.

Case study

The target building for this case study
is a typical single-family household. It is
a semi-detached building with three floors,
a garage and a complete basement. The at-
tic is not utilized. The basement, porch and
attic are regarded as non-heated spaces.

The buildings parameters are:

— total surface area 170.8 mz,
— utility surface area 92.6 m?,

— ceiling height 2.8 m.

Outer wall with thermal barrier. Impact of the barrier on heat losses and CO, emissions 229



The thermal barrier is assumed to be
constructed on the outer side of the core
of the exterior wall analogous to the pro-
posed thermo-modernisation solution of
the ISOMAX system. A barrier tempera-
ture of 10°C was assumed.

Compared variants:

— before modernisation,

— after thermo-modernisation with the
use of an active thermal barrier on the
exterior side of the wall directly behind
a 12 cm thick layer of insulation.
When it comes to the construction

of the walls, the two variants differ from
each other only on the basis, that after
modernisation cement lime plaster to
embed the wall barrier PP pipes has been
added to the wall.

In the variant before thermo-mod-
ernisation the central heating installation

is equipped with floor heating elements.
The building possesses a mechanical
ventilation unit with heat recovery of ¢ =
= 80%. The source of heat is a brine/wa-
ter heat pump (SCOP = 4.0).

In the variant after thermo-mod-
ernisation, the foundation slab serves as
a heat storage unit as a result of the reno-
vation of the basement. The accumu-
lated thermal energy is provided to the
thermal barrier made from PP pipes. The
installation is equipped also with floor
heating elements as before thermo-mod-
ernisation. The same conditions were as-
sumed for ventilation and the heat source
as for the building before renovation.
Figure 9 presents the calculated values
for the EU and EK index of annual de-
mand for useable and final energy for
heating and ventilation.

TABLE 1. The multilayer wall construction with thermal barrier for building after thermo-modernisa-

tion
Envelope 4 s A R | SR | Ri | Ree | R
Material g > 0
element m W-m K m2K-W
. porous ceramic bricks B
‘]:sztﬁrlor Porotherm 38 P+W 0.38 2.690 273 | 0.13 _ 2.86
gypsum plaster 0.015 0.35 0.043

Ry — the thermal resistance of the internal courses of the external wall (those between pipes and the

room).

TABLE 2. The multilayer wall construction with thermal barrier (TB)

A R 2R Rsi R R
Envelope Material : | | 2 | e | 2
element m | Wm K] m>K-W!

gypsum plaster 0.01 0.35 0.029
Extori ’fglziytﬁﬂiiif 7004014 1 0.04 | 3.000

e 306 | — | 004 | 3.10

wa cement-lime plaster

coat to embed the wall 0.025 0.82 0.030

barrier PP pipes

R, — the thermal resistance of the external courses of the external wall (those between pipes and the

outdoor air).
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FIGURE 10. CO, emission in the analyzed building before (without TB) and after thermorenovation
(with TB)

Results the building’s energy demand referring
to both final and usable energy for heat-

The improvement of the energy per- ing and ventilation in the modernised
formance due to the renovation cencern- building. It was calculated by KOBiZE
ing the application of a thermal barrier (2018), that the average CO, emissions
results in a reduction of about 31% of for electricity in Poland are approxi-
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mately 778 g of CO, per 1 kWh. Using
this specific CO,-factor for electricity
needed to operate the heat pump and aux-
illary equipment in the analyzed building,
savings from the thermal barrier installa-
tion amount to 433 kg of CO, annually
(Fig. 10).

Conclusions

From the example of a typical single-
-family house it can be concluded, that the
energy performance and CO, emission re-
sponsible for global warming can be signif-
icantly improved by using a thermo active
barrier in the external wall. The application
of a thermal barrier results in a reduction
of the heat lost from the inside. A barrier
placement near to the outside is beneficial,
and installing it during thermorenovation
can yield significant energetic improve-
ments and be more enviromentally friend-
ly. Even though in the article the values of
energy demand and CO, emission relate
only to the analysed building and our as-
sumptions, it can be expected, that the re-
sults generalize further.
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Summary

Outer wall with thermal barrier. Im-
pact of the barrier on heat losses and CO,
emissions. New demands for lowering en-
ergy consumption of buildings lead to many
new solutions including, amongst others, the
introduction of an outer wall thermal barrier
for both heating and cooling effect. The ana-
lysed thermo-active-wall-barrier is a water-
-based system, where the pipes are embedded
in the wall construction. It enables the use of
a low-temperature barrier medium for space
heating, thereby increasing the efficiency of
all potential energy supply systems using re-
newable energy sources. The pipes form an

active thermal barrier for heat transfer be-
tween the outer and the heated space. There
are many possibilities to place the pipes in
the wall for example in the case of energetic
thermo-modernisation. Our research and
calculations have shown that thermo-active-
-wall-barrier is sensitive to the location of
pipes. The following paper also provides
a study of the impact of thermal barrier on
a building’s energy performance. The analy-
sis was conducted for a single-family house in
a temperate climate based on parameters
taken from one of the Polish meteorologi-
cal data-bases. Calculations using current
procedure of evaluating building energy per-
formance show, that the thermal barrier can
contribute to significant reduction of trans-
mission energy loss thus lowering the envi-
ronmental impact.
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Introduction

The construction industry is an im-
portant industry for any government
due to its direct association with the im-
plementation of the goals and policies
of the government in various fields of
concern to the citizen in terms of educa-
tion, health, housing and other facilities
and services. The construction industry
is also one of the broad and important
sectors of any country’s economy, and it
is one of the main engines that govern-
ments resort to move the economy and
create jobs and reduce unemployment.
And the construction industry has unique
characteristics, which made it an industry
that is distinguished from the rest of the

other industries by its many risks, and its

projects always suffer from the problems

of delay in implementation and increase
in cost in most countries of the world.

Among the most important characteris-

tics of the construction industry (Myers,

2005):

1. The nature of its product is unique,
each project differs from the other,
and the temporary of each project is
limited in duration and location, with
the completion of the project, the
equipment and labor will be trans-
ferred to another project in another
place.

2. The nature of work within a single
project is fragmented, as several dif-
ferent parties separate and separate
to complete the project.

3. The industry’s heavy dependence on
manpower and its lack of research
and development in methods and
methods of implementation.
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4. The criterion of competition for bid-
ding in most cases is the lower price,
which reduces the profit margin and
thus reduces the desire of the compa-
nies executing in research, develop-
ment and creativity.

The increasing demand for tall
buildings represents a huge opportunity
to reconstruct the construction industry
and create value through joint action.
According to research prepared by the
McKinsey Global Institute, the industry
can boost the productivity of its work-
ers by up to 60% if changes are made
in seven key areas: regulations, design
operations, contracts, supply and supply
chain management, and on-site imple-
mentation (Granskog, Guttman & Sjo-
din, 2016).

Tall buildings since the 1990s and
during the first decade of the 21st cen-
tury are considered civilization and ur-
banization facilities, not only that, but
tall buildings have become symbols of
countries. Tall buildings are defined as
those buildings whose height is not less
than 40 m or 13 floors. In most cases, the
management of tall projects is not a sim-
ple matter, as success in such projects
requires good coordination as well as
a comprehensive integrated operating
system for the project, so that all project
participants can understand their roles
and agree on key performance indicators
(Al-Zwainy & Edan, 2017).

Earned value management system
(EVMS) is a useful management tech-
nique available for tall buildings projects
managers to monitor and control projects;
a technique that combines the work
scope, schedule and the cost elements
of a project and facilitates the integrated
reporting of a project’s progress and the

cost status. Earned value management
system in effect integrates time manage-
ment and cost management which are es-
sential elements of tall buildings projects
management (Al-Zwainy, Mohammed &
Mohsen, 2015).

Review of the literature related to
earned value management system with
Forecasting techniques such as Ma-
chine Learning Regression Techniques
(MLRT) was in top management jour-
nals such as International Journal of
Project Management. Where, various
researchers have used Machine Learn-
ing Regression Techniques (MLRT) as
a tool for prediction and optimization
in different project management ar-
eas are also reviewed, including earned
value management. The great majority
of project management applications of
Multiple Linear Regression are based on
the inter algorithm. The previous studies
are among the most important scientific
foundations on which the current study
is based. The researcher begins with re-
search, examination and analysis in the
previous studies; this is because the re-
search processes are cumulative process-
es that depend on the previous ones. In
the next paragraph, the previous studies
on the earned value management will be
addressed and techniques used for fore-
casting purposes.

During the last few years or so, the
use of EVM has increased in many con-
struction engineering projects and has
demonstrated some degree of success.
The following literature review reveals
that EVM have been used successfully in
modelling of the earned value manage-
ment. Pajares and Lopez-Paredes (2011)
proposed two new metrics that combine
earned value management and project
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risk management for construction project
controlling and monitoring. Elshaer
(2013) studied the impact of the activi-
ties sensitivity information on the fore-
casting accuracy of the Earned Schedule
Method (ESM). Czemplik (2014) applied
schedule forecast Indicator (SFI) to sup-
port site managerial decision concerning
variation orders. Khamooshi and Golaf-
shani (2014) provided a new approach to
decouple the schedule and cost dimen-
sions in EVM by adding earned duration
while maintaining the unique interaction
of the three major project management
elements of scope, cost, and time similar
to EVM. Chen, Chen and Lin (2016) im-
proved the predictive power of Planned
Value (PV) before executing construction
project. Jaber, Hachem and Al-Zwainy
(2019) applied the value management
methodology acquired in the waste wa-
ter treatment plant projects to measure
performance by predicting performance
indicators such as CPI, SPI and TCPI.
The following literature review re-
veals that Machine Learning Regression
Techniques (MLRT) have been used suc-
cessfully in construction project manage-
ment (Al-Zwainy etal., 2015) developing
EAC model for bridges projects using
Multifactor Linear Regression Technique
(MLRT). Bilal and Oyedele (2020) pre-
sented guidelines for Applied Machine
Learning (AML) in the construction in-
dustry from training to operationalizing
models, which are drawn from our ex-
perience of working with construction
folks to deliver Construction Simulation
Tool (CST). Sabahi and Parast (2020)
used predictive analytics by proposing a
machine learning approach to predict in-
dividuals’ project performance based on
measures of several aspects of entrepre-

neurial orientation and entrepreneurial
attitude of the individuals.

The researchers did not found any
study that is exactly the same as the cur-
rent study while searching in interna-
tional libraries and discreet periodicals
such as Scopus, Springer, Taylor France
and others, as this current study is almost
unique of its kind that deals with predict-
ing the value indicators gained using
Machine Learning Regression Tech-
niques (MLRT) in tall building projects,
despite the existence of multiple studies
dealing with a topic prediction in con-
struction projects. Based on the above
discussion the contribution of this study
are as follows.

Firstly, in this study, the main tar-
get is on using associate Forecasting
techniques for the aim of earned value
prediction, meant as a decision-support
aid to project manager, contractors and
planners. The contribution of this study
is to spot the most effective activity in
terms of model structure and parameters
on an earned value prediction. Applied
interest of this study may well be use
machine intelligence techniques such
as Machine Learning Regression Tech-
niques (MLRT) as an acceptable tool for
earned value estimating, where, Project
managers in Iraq; typically have to be
compelled to estimate the earned value
of construction projects at construction
stage quickly and around to supply fund-
ing or to get the adoption of the budget
from decision-makers. Therefore, it’s
necessary to search out the simplest way
to understand the earned value of the
construction projects in a very short time
with acceptable accuracy.

In summary, the application EVM in
tall building projects would be specifi-
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cally helpful for a state like Iraq which
suffers from shortage of a high number
of severe tall buildings. The main ob-
jective of this study is to develop Ma-
chine Learning Regression Techniques
(MLRT) to predict the earned value in-
dicators at early stage of tall buildings
projects in Iraq to reduce the percentage
error of estimation. This will facilitate
the project practitioners to the further use
of EVA for the schedule and cost control
of their construction projects. To achieve
this, there is a need to identify the factors
that affect the performance of residential
buildings projects that can be available
at carly stages. Therefore, the specialists
researchers in this study are endeavor-
ing improvement and assessment earned
value models through the below stages:

1. Choose the appropriate statistics
software.

2. Identification of MLRT variables that
have an effect on the earned value in-
dex in tall buildings projects.

3. Building a numerical model to fore-
see of the earned value indexes (SPI,
SPI and TCPI).

4. Check the confirmation and approval
of the scientific models.

Choose the appropriate statistics
software

Several applications that support the
establishment of statistics analysis like
Microsoft Excel, Statistica, MINITAB,
and MATLAB, but this study was se-
lected SPSS Program, where SPSS is
the premier statistics analysis environ-
ment. The SPSS range provides an easy-
-to-use, visual, object-oriented approach
to problem solving using intelligent
technologies.

SPSS is short for Statistical Package
for the Social Sciences, and it’s utilized
by different sorts of analysts for com-
plex measurable information investiga-
tion. The SPSS programming bundle
was made for the administration and fac-
tual examination information in different
sciences. Long produced by SPSS Inc.,
it was acquired by IBM in 2009. The
current versions are named IBM SPSS
Statistics.

Identification ANN Models
variables

The Bismayah City Project is the first
of its kind and the largest in the history
of Iraq in terms of size and level of ser-
vices and infrastructure provided in it,
and Hanwha Engineering and Construc-
tion Company is proud to be the first
company to implement such a strategic
project in Iraq. The new city of Basmaya
is an integrated residential complex lo-
cated 10 km southeast of the capital,
Baghdad, Iraq, on the international road
No 6 linking the capital Baghdad and
Wasit Governorate, and on an area of
1,830 ha, and consists of 100,000 hous-
ing units, and also includes a network In-
tegrated infrastructure of water and elec-
tricity, as well as schools and recreational
and commercial complexes. The cost of
constructing the complex amounts to
$7.75 billion, the project is implemented
by the Korean Hanwha Engineering and
Construction Company, which works in
the field of construction and construction
around the world, with a duration of im-
plementation of up to seven years. The
new Basmaya city represents a new mod-
ern lifestyle that may be characterized by
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a high level of services and an ideal envi-
ronment suitable for the development of
new generations. The aerial photos show
the level of progress of work and com-
pletion of other residential and service
buildings, as shown in Figure 1.

FIGURE 1. The new city of Basmaya in Iraq

Machine Learning Regression Tech-
niques (MLRT) requires a lot of data.
Therefore, a lot of historical tall build-
ings projects were collected which were
done between 2012 and 2018 as shown
in Table 1. There are two types of vari-
ables that affected on the earned value in
tall buildings projects in Republic of Iraq
which are dependent variables and inde-
pendent variables. Cost Performance In-

TABLE 1. Summary of historical data for Bis-
mayah City Project

dex (CPI), Schedule Performance Index
(SPI) and To Complete Cost Perform-
ance Indicator (TCPI) are defined as the
dependent variables. There are many
variables as an independent variable such
as: Budget at Completion (BAC), Actu-
al Cost (AC), Actual Percentage (A%),
Earned Value (EV), Planning Percentage
(P%), and Planning Value (PV).

Building Machine Learning
Regression (MLR) Models

The factors that were recognized at
the information distinguishing proof stage
were utilized to build up the Machine
Learning Regression Techniques (MLRT).
Three numerical models were created in
this examination by utilizing Machine
Learning Regression Techniques (MLRT).
It was utilized on the grounds that it is prob-
ably the most kind that broadly utilized in
this field of study. What’s more, the ven-
ture qualities or parameters in a numeri-
cal model were utilized to foresee earned
value indexes. The Statistical Product and
Solutions Services (SPSS) programming
forms 26 are utilized as a tool to build up
the three models, as following:

1. Schedule Performance Index (SPI).

2. Cost Performance Index (CPI).

3. To Complete Cost Performance Indi-
cator (TCPI).

First: Schedule Performance
Index Model

Table 2 expounds multiple linear re-
gression estimates, such as coefficients
of standardized, coefficients of unstand-
ardized, standardized errors, t-test and

Parameter | Max. Min. | Range | AVG
BAC 950 800 150 865
AC 600 200 400 375
A% 60 25 35 39
EV 510 237.5 | 272.5 | 339.8
P% 60 25 35 42
PV 510 237.5 | 2725 358
SPI 1.11 0.75 0.36 0.95
CPI 1.18 0.80 0.38 0.93
TCPI 0.80 1.19 0.80 0.39
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TABLE 2. Coefficients of SPI-Model (dependent variable: Y1)

Model Unstandardized coefficients Scts:g;t?;itesd , sig.
B SE B

Constant -14.393 8.593 - -1.675 0.193
X1 0.018 0.010 3.253 1.784 0.172
X2 0.007 0.005 2.684 1.255 0.298
X3 -0.076 52.969 —-0.026 —0.001 0.999
X4 -0.013 0.066 -3.922 -0.197 0.857
X5 33.633 50.328 10.067 0.668 0.552
X6 -0.034 0.057 —-8.747 —-0.590 0.597

testing the significant of every autono-
mous factors or independent variable.

The regression statistics of Schedule
Performance Index Model (SPI-Model)
are set in Table 1, which can be formed
as Equation (1):

Y1 = SPI = —14.393 + (0.018X1) +
+ (0.007X2) — (0.076X3) — (0.013X4) +
+(33.633X5) — (0.034X6) (1)

Second: Cost Performance Index
Model

The regression statistics of Cost Per-
formance Index Model (CPI-Model) are
set in Table 3.

Statistics of regression for model CPI
are set in Table 3, which can be formed
as Equation (2):

Y2 = CPI = —12.405 + (0.015X1) +
+(0.002X2) — (22.344X3) + (0.016X4) +
+(50.059.X5) — (0.05.X6) 2)

Third: Complete Cost
Performance Indicator

The regression statistics of To Com-
plete Cost Performance Indicator (TCPI-
-Model) are set in Table 4.

TABLE 3. Coefficients of CPI-Model (dependent variable: Y2)

Model Unstandardized coefficients Sctszt(‘if?cridelrzlfj ; sig.
B SE B

Constant —-12.405 7.813 - —1.588 0.211
X1 0.015 0.009 2.609 1.641 0.199
X2 0.002 0.005 0.881 0.472 0.669
X3 —22.344 48.16 -7.317 -0.464 0.674
X4 0.016 0.060 4.731 0.272 0.803
X5 50.059 45.75 14.372 1.094 0.354
X6 —0.050 0.052 —12.444 —0.963 0.407
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TABLE 4. Coefficients of CPI-Model (dependent variable: ¥3)

Model Unstandardized coefficients Sss:g;gi;tej ; sig.
B SE B

Constant —-1.436 8.477 - —0.169 0.876
X1 0.001 0.010 0.164 0.092 0.932
X2 —-0.002 0.005 —-0.789 -0.378 0.731
X3 -31.521 52.258 —-10.647 —-0.603 0.589
X4 0.036 0.065 10.635 0.547 0.623
X5 31.441 49.653 9.311 0.633 0.572
X6 -0.030 0.057 —7.538 -0.521 0.638

Statistics of regression for model
TCPI are set in Table 4, which can be
formed as Equation (3):

Y3 = TCPI = —1.436 + (0.001X1) —
~(0.002X2) — (31.521X3) + (0.036X4) +
+(31.441X5) — (0.03X6) 3)

Check the Confirmation and
Approval of the Scientific Models

Below is the model’s summary,
which has some important statistics. It
provides us correlation coefficient (R)
with determination coefficient (R*) and

the estimation of standard error. This
statistical analysis was bring about for
the MLR models (SPI, CPI, and TCPI)
between output (earned value indexes)
and input (BAC, Budget at Completion
— X1; AC, Actual Cost — X2; A%, Actual
Percentage — X3; EV, Earned Value — X4;
P%, Planning Percentage — X5; PV, Plan-
ning Value — X6). On the other hand, the
R-values for SPI, CPI, and TCPI models
are equal to 85.5%, 89.2%, and 86.3% re-
spectively, which is viewed as extremely
aloft correlation. In addition, the deter-
mination coefficient shows the extent
of the variety in input variable from an
output variables, and that models have

1
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FIGURE 1. Summary statistics of models
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R? values equal to 73.2%, 79.6%, and
74.4% respectively.

From Figure 1, it can be seen that
model (SPI), model (CPI), model (TCPI)
verification have pretty performance in
order that offered high correlation of co-
efficient (R) 85.5%, 89.2% and 86.3%,
respectively. Figures 2—4 illustrate the
capability of MLR models (SPI-model,
CPI-model, TCPI-model), where, the co-
efficient of determination (R?) is 73.2%,

10
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FIGURE 2. Relationship between observed SPI
and expected SPI
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FIGURE 3. Relationship between observed CPI
and expected CPI
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FIGURE 4. Relationship between observed TCPI
and expected TCPI

79.6% and 74.4%, therefore, it can be
concluded that these models shows an
excellent agreement with the actual
measurements.

Conclusions

In this study, a depiction of models
factors, information assortment strat-
egy and factual determination of veri-
fiable information has been clarified.
Bismayah New City was selected as a
case study, six variables were adopts as
independent variables (BAC, Budget at
Completion — X1; AC, Actual Cost — X2;
A%, Actual Percentage — X3; EV, Earned
Value — X4; P%, Planning Percentage
— X5; PV, Planning Value — X6), and
three variables were (Cost Performance
Index — CPI; Schedule Performance In-
dex — SPI; To Complete Cost Perform-
ance Indicator — TCPI) are defined as the
dependent variables. In addition, Ma-
chine Learning Regression Techniques
(MLRT) has been used to build predic-
tion model for earned value indexes by
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using SPSS-26 statistically software. It
was found that the MLRT showed good
results of estimation in terms of correla-
tion coefficient (R) generated by MLR
models for SPI and CPI and TCPI where
the R were 85.5%, 89.2%, and 86.3%
respectively. At long last, a result tends
to be presumed that these models show
a brilliant concurrence with the genuine
estimations.
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Introduction

In Poland, water resources are lim-
ited. Considering water consumption for
industry and agriculture, the amount of
water that can be used for communal pur-
poses is only approx. 365 m> M !-year™!
(Kundzewicz, Zalewski, Kedziora &
Pierzgalski, 2010). Such a quantity of wa-
ter should theoretically be enough to meet
the needs of human consumption. Water
consumption in households is around
36.5-54.75 m>*M lyear' (Chudzi-
cki & Sosnowski, 2011b). However, it
is necessary to consider the periods of
drought occurring in Poland that contrib-
ute to lowering the level of groundwater
and drinking water shortages.

Water quality in recent years in Po-
land is improving, but the amount of

drinking water in the rivers is still un-
satisfactory. Kundzewicz et al. (2010)
determined the good condition of waters
only for 7% of the Vistula and Odra river
basins. Additionally, it should be remem-
bered that the occurring floods also do
not improve the situation (Kundzewicz
et al., 2010). They cause pollution of
surface waters. This, in turn, adversely
affects the drinking water resources.
Analyzing the water usage in a typi-
cal household (Chudzicki, 2010; Chudzi-
cki & Sosnowski, 2011b), it turns out
that nearly 30% is used to flush toilet
bowls. Usually tap water is used here.
The question arises whether water needs
to be used for this purpose with the pa-
rameters of drinking water quality that
meets the 2017 Regulation of the Min-
ister of Health on water quality for hu-
man consumption. It is believed that
gray water may be used to the toilet
after pre-treatment (Abdel-Shafy & Al-
-Sulaiman, 2014; Gross, Maimon, Al-
fiya & Friedler, 2015; Vuppaladadiyam
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et al., 2019). Considering the amount of
gray sewage generated in homes (about
51% of the total amount of sewage), one
can notice enough of them to rinse the
toilet bowls. Currently in Poland, sew-
age in households is entirely discharged
into collective sewage systems (Kalenik,
2015; Bugajski, Chmielowski & Kaczor,
2016) or are cleaned in household waste-
water treatment plants (Kalenik, 2014;
Spychata, 2016).

Gray water reuse gives the possibil-
ity of economic management of drink-
ing water. It is estimated that re-use of
gray water can bring savings of 30-50%
(Mucha & Jodtowski, 2010). The prob-
lem, however, is their quality. Gray wa-
ter (sewage from the bath — approx. 26%
of sewage, body wash — approx. 10%,
laundry — approx. 15%) are considered
as contaminated water without faeces.
However, these wastewater often contain
various types of soaps, washing powders
and liquids, fats of human origin, solid
impurities (Christowa-Boal, Eden &
McFarlane, 1996; Mucha & Jodlowski,
2010; Boyjoo, Pareek & Ang, 2013).
This is the reason for the reluctance of
potential users to use them even in toi-
lets. Gray water frequently contributes to
excessive deposition of contaminants on
the surfaces of ceramic sanitary facili-
ties (Chudzicki & Sosnowski, 2011b).
They can also cause the production of
dangerous aerosols when flushing the
toilet bowls (Mucha & Jodtowski, 2010;
Chudzicki & Sosnowski, 2011a).

In Poland, there are currently no legal
regulations regarding the quality of wa-
ter used in households for other purposes
than consumption or bathing. The litera-
ture specifies that this water should be
safe for life and health, it should not be a

habitat for flies, it cannot pose a threat to
the environment, it should look aestheti-
cally. These guidelines, presented in the
work of Mucha and Jodtowski (2010),
are the basic parameters of the quality
of liquid used for economic purposes.
The authors also present gray water to be
used for this purpose, citing various so-
lutions using gray water in toilets with-
out prior pre-treatment. However, such
installations may be used only in the case
of direct use of gray water to rinse the
toilet bowls without holding them longer
time and when the appearance and smell
are acceptable.

The gray water system should be
easy and friendly to use. If it is necessary
to keep gray water before their second-
ary use, it is advisable to clean them up
to a level that does not endanger human
health and life. In addition, this installa-
tion should minimize the possibility of
deposition of contaminants on sanitary
ceramics (Malarski, 2013).

The pre-treatment of gray water can
be carried out in many ways. Christowa-
-Boal, Eden and McFarlane (1996),
March, Gual and Orozco (2004), Gual,
Moia and March (2008), Abudi (2011),
Khalaphallah (2012), Abdel-Shafy, El-
-Khateeb and Shehata (2013), Ushijima,
Ito, Ito and Funamizu (2013), Charchalac
Ochoa, Ushijima, Hijikata and Funamizu
(2015) propose the use of a system based
on filtration of gray water through poly-
propylene mesh filters, sand filters and
chlorine disinfection. The literature also
refers to systems based on biofiltration
system with swamp plants (Masi et al.,
2010; Abdel-Shafy & Dewedar, 2012;
Abdel-Shafy & El-Khateeb, 2013), and
RBC type devices (rotating biological
contactor), UASB (upflow anaerobic
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sludge blanket) or membrane reactors
(Hourlier et al., 2010; James, Surendran,
Ifelebuegu, Ganjian & Kinuthia, 2016;
Huelgas-Orbecido & Funamizu, 2019;
Wu, 2019). These devices are proposed
for installation in collective use build-
ings, multi-family residential buildings,
housing estates or their surroundings.
They are often large devices used to treat
wastewater from the entire household.
Unfortunately, this often results in a high
price and a significant reduction in appli-
cability in a single sanitary point in the
household.

The aim of the research was to de-
termine the suitability of using double
stage cartridge filters for pre-treatment
of bathing gray water for possible sec-
ondary use of it. The possibilities of
using double stage polypropylene-car-
bon cartridge filter FCCA-STO, as well
as polypropylene FCPS10 and carbon
FCCA cartridges filter, constituting sin-
gle stages of a double stage cartridge
were determined.

Material and research
methodology

Analyzed gray water contained pol-
lution coming from washing and bathing
sources of a typical two-family building
used by seven people. The effluent for
tests was collected at the outflow from
sanitary facilities. The effluent were col-
lected in a septic tank and then passed
through cartridge filter with a fixed ini-
tial capacity of 0.1 dm?®s~!. This value
corresponds to the normative outflow of
water into the toilet bowl from the water
supply system (PN-92/B-01706, PN-EN
806-3:2006). Performing filtration on the

cartridge filter, it was attempted to deter-

mine the possibility of using a selected

cartridge filter for pre-treatment of bath
gray water. The characteristics of gray

water are shown in Table 1.

Housing cartridge filters are small
devices (Aquafilter 2016, BWT 2016),
with a standard height of approx. 30 cm
and a diameter of approx. 12 cm. Fil-
ter element with a height of 10” and a
diameter of 2.5” can be replaced alone
without the participation of specialized
service. In the case of drinking water
purification, the filter cartridge should
be replaced every 6 months (Aquafilter
2016, BWT 2016). However, for the pre-
treatment of gray water, the “lifetime” of
cartridges is not estimated.

The research was divided into three
experiments that differ in the type of fil-
ter cartridge used. In the first experiment,
a double stage polypropylene-carbon
cartridge filter FCCA-STO was used.
However, the other two experiments that
examined individual filtration stages
were made on a single polypropylene
cartridge FCPS10 with a filtration accu-
racy of 10 um (the second experiment)
and on a single carbon cartridge filter
FCCA (third experiment).

During the tests, samples of raw
gray water and filtrate were collected
for analytical tests of their quality. The
samples were tested for the following
parameters:

— pH - electrometric measurement
(PN-EN ISO 10523:2012) using the
Hach Lange Sension 4 pH meter and
Elmetron EPP-3 electrode,

— suspended and dissolved solids
— measurement by weight in relation
to the procedure included in the PN-
-78/C-04541 standard,

246

M. Malarski, M. Kalenik



— turbidity — measurement by neph-
elometric method (PN-EN ISO
7027:2003. Chapter 6) with the use
of turbidimeter 2100N IS Turbidim-
eter,

— conductivity — conductometric meas-
urement (PN-EN 27888:1999),

— biochemical oxygen demand (BODs)
— measurement using the WTW bot-
tle method, in accordance with the
PN-EN 1899-1:2002, 2:2002 stand-
ard,

— decay — measurement by visual
method (PN-C-04626:1976),

— chemical oxygen demand (COD) —
measurement by means of a titration
method (PN-ISO 15705:2005).

The research focused mainly on the
results of turbidity and decay of the in-
vestigated gray water. These parameters
show the time of possible liquid retention
before its secondary use, e.g. for flushing
the toilet bowls and organoleptic accept-
ance by the potential user. The results of
the tests were compared for each meas-
urement series separately.

Results and discussion

Bathing gray water is characterized
by high variability of quality parameters.
Their composition depends mainly on
the contamination of the person taking a
bath, as well as on the amount and type of
detergent (Malarski, 2013, 2016; Malar-
ski, Matusiak & Cybula, 2016). Table 1
presents the results of testing the qual-
ity of gray water from the bath. Samples
of gray water from baths of a two-family
building inhabited by seven people were
tested. Limit values of obtained results
as well as average values, standard de-

viation and median of individual quality
parameters are presented.

According to Dixon et al. (1999) and
Boyjoo et al. (2013) gray water should
not last longer than 48 h without treat-
ment. It results from biodegradability of
gray water. In the Malarski study (2013)
carried out on gray water from the bath-
tub, the results of decay were obtained at
the level of 170 h. In the own research,
however, a different time of gray water
is noticeable, average 74 h. This proves
a significant diversity of gray water de-
pending on their origin. At the same time,
it shows the need for an individual ap-
proach to the possible use or treatment of
gray water. Often forcing them to purify
almost immediately, which is consistent
with the guidelines for using gray water
in many countries (Yu, Rahardianto, De
Shazo, Stenstrom & Cohen, 2013; Oron
etal., 2014; James et al., 2016).

Tested gray water was characterized
by a similar turbidity value (average 74.9
NTU) to the Jabornig and Favero (2013)
tests results about 133 NTU, Oron et al.
(2014) tests results about 50-250 NTU,
Sostar-Turk, Petrini¢ and Simoni¢ (2005)
tests results about 35 NTU, Gual et al.
(2008) tests results about 38.8 NTU,
Jamrah, Al-Futaisi, Prathapar and Har-
rasi (2008) tests results about 279 NTU,
March et al. (2004) tests results about 20
NTU. In the author’s own research, stud-
ies were carried out on gray water from
bath, as in the presented literature. The
turbidity of gray water after bathing can
be set at different levels depending on
the “soiling” of the person taking a bath
and the consumption of washing agent.

Analyzing the obtained results of
the gray water quality tests an increased
concentration of COD and BOD values
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TABLE 1. Ranges of values of selected indicator of pollutants in bath gray water testing (own studies)

Indicator Unit Values AVG M SD
Turbidity NTU 28-156 74.9 71.9 29
pH - 7.12-9.39 8.21 8.33 0.60
Conductivity ps-cm! 1234-2 900 1752 1687 483
Decay h 64-90 74 75 8
COD mg Oy-dm™ 182273 224 224 25
BOD;s mg Oy-dm™ 71-180 118 115 25
Total suspended solids (TSS) mg-dm 74-892 482 476 233
Fixed suspended solids (FSS) mg-dm 48-445 227 202 100
Volatile suspended solids (VSS) mg-dm 26-640 255 280 162
Total dissolved solids (TDS) mg-dm 854-3 715 2452 2281 829
Total fixed solids (TFS) mg-dm~ 3152285 1325 1327 496
Total volatile solids (TVS) mg-dm™ 539-1 768 1127 1 054 404

is noticeable. Values exceed the limit set
out in the 2014 Regulation of the Minis-
ter of Environment on conditions of sew-
age and substances particularly harmful
to water environment for wastewater that
may be introduced into waters or into the
ground.

High turbidity, variable value of de-
cay, and often also the color of gray wa-
ter may cause reluctance to their possi-
ble re-use. Therefore, in determining the
efficiency of operation of selected filter
cartridges in each research series, the
quality of raw gray water was tested.

Experiment 1. Filtration on a filter
with a double stage polypropylene-
-carbon FCCA-STO cartridge

In series 1 of tests, the filtration of
bath gray water was carried out using a
double stage polypropylene carbon filter
cartridge FCCA-STO. For this purpose,
baths gray water from the two-family
building was stored in the tank — about
300 dm®. Then, 80 dm? of averaged gray
water was filtered on the prepared test

stand, without getting a full colmatation
of the filter cartridge. Five filtrate sam-
ples and one raw gray water sample were
collected. The remaining gray water was
used to carry out experiments 2 and 3.
The experiments were carried out twice
at an interval of two weeks.

As a result of the tests, parameters
of the filter cartridge were determined
in terms of selected quality parameters.
Table 2 presents the average values of
the parameters from two conducted
experiments.

As a result of filtration, the quality
indicators of gray water underwent slight
changes. The best effect was obtained
for suspensions. After filtering 40 dm’
of gray water, a reduction of 80% was
obtained. The remaining tested quality
indicators showed a smaller reduction.
The turbidity reduction was 44% in the
samples taken after filtration of 20 dm?
gray water, for COD reduction by 13%,
BODjs by 30%, TDS by 14% in samples
of 10 dm?. The remaining analyzed indi-
cators of the quality of the liquid practi-
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TABLE 2. Characteristics of bath gray water raw and treated on the housing double-stage polypropyl-
ene-carbon cartridge filter FCCA-STO (own studies)

Raw Volume of filtrate [dm3]
Indicator Unit gray

water 10 20 40 60 80
Turbidity NTU 45.6 | 26.1 254 | 27.1 28.2 27.5
pH - 7.58 7.80 7.81 7.79 7.75 7.82
Conductivity ps-cm! 1386 | 1296 | 1310 | 1356 | 1341 | 1330
Decay h 70 70 70 70 70 70
COD mg O,dm™> | 224 195 214 205 205 200
BOD;s mg O,-dm™ | 103 72 80 92 85 95
Total suspended solids (TSS) mg-dm 706 185 162 141 165 148
Fixed suspended solids (FSS) mg-dm™ 75 65 60 52 63 58
Volatile suspended solids (VSS) | mg-dm™ 631 120 102 89 102 90
Total dissolved solids (TDS) mg-dm™ 1078 | 932 968 970 954 972
Total fixed solids (TFS) mg-dm™ 754 654 676 679 666 678
Total volatile solids (TVS) mg-dm > 324 278 290 291 288 294

cally showed no major changes. The test
results are presented in Table 2.

In the research, a double stage filter
cartridge was used, obtaining the results
of reduction of pollutants at a level simi-
lar to the reduction values of the inves-
tigated pollutants obtained by March
et al. (2004) and Gual et al. (2008) in
studies based on filtration of gray water
from hotel rooms through a nylon filter.
Similarly to own research, the research-
ers conducted studies on bath gray water
coming from bathrooms, for which the
initial concentrations and as well as val-
ues obtained after the filtration process
on the used cartridge are still high, signif-
icantly exceeding the permissible values
for waste water introduced into water or
soil in accordance with the 2014 Regula-
tion of the Minister of Environment.

On the basis of the obtained results,
it can be only assume the legitimacy of
the use of housing cartridge filters in the

tests of treating gray water from the bath
at least in the first stage of treating. The
use of a carbon element in the filter for
the purification of this type of gray wa-
ter is not a good solution at this stage of
treating. The carbon filter should provide
sorption processes. In the case analyzed
in the experiment, most likely the pores
in the carbon element of the filter car-
tridge were quickly blocked by impuri-
ties contained in the gray water and the
filter acted as a normal filter with me-
chanical removal of impurities. There-
fore, it seems necessary to determine the
effectiveness of the individual fractions
of the filter cartridge used.

A double stage polypropylene-car-
bon filter was used for testing without
the possibility of sampling between in-
dividual stages. Hence, to determine
the effect of individual filter stages on
wastewater treatment, tests were car-
ried out on single polypropylene filter
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cartridges FCPS10 (experiment 2) and
carbon FCCA (experiment 3). These car-
tridges are made of filter material used
to build the FCCA-STO cartridge used
in experiment 1.

Experiment 2. Filtration on a filter
with a polypropylene cartridge
with a filtration accuracy of 10 pm
- FCPS10

In the second experiment, filtration
of bath gray water through a filter with
a polypropylene cartridge with a filtra-
tion accuracy of 10 um FCPS10. The
research was carried out in the same way
as in experiment 1, using gray water re-
maining in the tank. Amount of 80 dm®
of gray water were filtered. During the
tests samples of the filtered liquid were
collected. Five samples of filtrate were
taken during the experiment. Analog-

ously to the experiment 1, tests were car-
ried out twice at an interval of two weeks.
The results of laboratory tests on the con-
centrations of selected quality parame-
ters of collected samples are presented in
Table 3, as mean values from tests. Dur-
ing the filtration, no full colmatation of
the deposit was obtained.

The filtration of bath gray water
through the analyzed filter cartridge did
not significantly change the parameters
of their quality. Individual quality indi-
cators did not change much. Maximum
recorded average reductions of ratios
from duplicate tests were obtained for
samples collected after filtration of 20
dm? of sewage: for turbidity — reduction
by 65%; TSS — by 81%; TDS — by 22%;
COD — by 13%; BODs — by 41%.

There is a noticeable fluctuation in
the concentration of COD in individual

TABLE 3. Characteristics of bath gray water raw and treated on the housing polypropylene cartridge

filter FCPS10 (own studies)

Volume of filtrate [dm?]

Raw
Indicator Unit gray

water 10 20 40 60 80
Turbidity NTU 45.6 16.0 15.8 16.1 16.3 16.5
pH - 7.58 7.63 7.67 7.59 7.55 7.69
Conductivity pscm”! 1386 | 1389 | 1366 | 1376 | 1381 | 1379
Decay h 70 77 77 77 77 77
COD mgOydm™| 224 | 214 | 195 | 200 | 205 | 200
BOD;s mg Oydm™ | 103 70 61 65 69 65
Total suspended solids (TSS) mg-dm’3 706 140 131 155 163 147
Fixed suspended solids (FSS) mg-dm™ 75 15 17 19 18 18
X‘,’lsaéi)le suspended solids mg-dm= | 631 125 | 114 | 136 | 145 | 129
Total dissolved solids (TDS) mg-dm 1078 831 843 862 851 854
Total fixed solids (TFS) mg-dm 754 582 592 601 602 595
Total volatile solids (TVS) mg-dm 324 249 251 261 249 259
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samples of filtered liquid. However,
considering their small reduction rela-
tive to the raw gray water, at the same
time relatively low value compared to
industrial wastes (Malarski, Czajkowska
& Nowak, 2018), these changes should
be considered as the result of measure-
ment error.

Compared to the obtained values of
squashing with the Dixon et al. study
(1999), a longer time was obtained. How-
ever, as in Malarski’s research (2013),
this index has not improved significantly
during filtration.

For the potential user of gray water
an important parameter of their quality is
decay. This indicator for raw gray water
was 70 h. During filtration the value of
this parameter slightly improved to 77 h.
Some of indicators, which case decay
decrease during filtration, that is confirm
by other parameters tested.

Experiment 3. Filtration on a filter
with a carbon cartridge - FCCA

In the third experiment, filtration of
bath gray water through a carbon car-
tridge filter FCCA was carried out. The
aim of the conducted research in the ex-
periment was to determine the impact of
the second stage of the FCCA-STO filter
on the filtration of bath gray water. The
research was carried out in the same way
as in experiments 1 and 2, using the re-
maining gray water from the bath accu-
mulated in the tank. The experiment was
completed after filtering 80 dm® of gray
water. The filter cartridge has not been
fully colmatated. During the tests, five
samples of filtered gray water were col-
lected. The tests were carried out twice
at an interval of two weeks. The tests re-
sults of the analyzed quality parameters
at taken samples were presented as mean
values from the tests in Table 4.

TABLE 4. Characteristics of bath gray water raw and treated on the housing carbon cartridge filter

FCCA (own studies)
Raw Volume of filtrate [dm?]
Indicator Unit gray
water 10 20 40 60 80
Turbidity NTU 45.6 332 35.1 359 359 36.0
pH - 7.58 7.66 7.71 7.65 7.68 7.71
Conductivity ps-cm! 1386 | 1355 | 1368 | 1380 | 1369 | 1372
Decay h 70 72 72 72 72 72
COD mg Oydm™> | 224 200 200 205 214 205
BODjs mg Oydm™> | 103 85 81 88 91 88
Total suspended solids (TSS) mg-dm 706 146 141 133 150 148
Fixed suspended solids (FSS) mg-dm 75 37 36 35 39 38
X‘/’lsa;)le suspended solids mgdm> | 631 | 109 | 105 98 1 | 110
Total dissolved solids (TDS) mg-dm > 1078 916 905 925 909 891
Total fixed solids (TFS) mg-dm= 754 641 633 648 630 625
Total volatile solids (TVS) mg-dm > 324 375 372 277 279 266
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The filtration of bath gray water
through the analyzed filter cartridge did
not significantly affect the quality pa-
rameters of liquid. They have improved
to a small extent, but the analyzed lig-
uid quality indicators have not changed
significantly.

The obtained results showed lower
efficiency of the carbon cartridge in the
gray water pretreatment process as com-
pared to experiments 1 and 2. Consider-
ing that the analyzed filter cartridge is a
carbon cartridge used mainly as a sorp-
tion cartridge for removing dissolved
pollutants, its lower efficiency in treating
gray water containing a series of impuri-
ties in a suspended form is justified.

Based on the results of the research,
it can be assumed that the used filter car-
tridge in the case of gray water filtration
on it acted like an ordinary mechanical
filter with low filtration efficiency.

Because of filtration, the follow-
ing quality parameters have slightly
changed: turbidity (up to approx. 27%
in the first sample), COD (up to approx.
11% in samples 1 and 2), TDS (up to
17% in sample 5), BODs (up to about
21% in sample 2). Higher reduction was
obtained for the TSS (up to about 81% in
sample 3).

Based on the test results, it can be as-
sumed that the sorption capacity of the
filter cartridge was quickly exhausted
with the first portion of gray water as a
result of clogging of the pores of the filter
bed. After that the cartridge still worked
only as a bed of mechanical filtration.
This is confirmed by a greater reduction
of turbidity and TSS in the analyzed fil-
trate samples.

The tests on single FCPS10 and
FCCA filtration cartridges confirm the

assumption that follows the first series of
tests (experiment 1) with a double stage
polypropylene-carbon filter. The amount
of pollution reduction on the FCPS10
filter is at the same level as on the fil-
ter with the FCCA-STO cartridge, while
the use of the FCCA cartridge (carbon
cartridge) showed worse results. Hence
it can be concluded that the carbon fil-
ter, which is a sorption filter, under these
conditions in the experiment does not
work properly. Using it for the treatment
of bath gray water acts as an ordinary
mechanical filter with low efficiency of
removing impurities. For comparison, in
studies conducted by Sostar-Turk et al.
(2005) on bath gray water, the obtained
pollution reduction was at the level of
85-95% using a coagulation process in
combination with filtration on a 1 m fil-
ter column filled with sand and filtration
through a Im column with granular acti-
vated carbon.

For the potential user of recycled gray
water, an important parameter of waste-
water quality is their appearance. This
parameter can be determined by waste-
water turbidity. In order to determine the
effectiveness of individual tested filter
cartridges, their effectiveness in terms of
turbidity reduction was analyzed.

The analysis of gray water treatment
efficiency in terms of turbidity was con-
ducted for all experiments performed us-
ing the values of the turbidity parameter
presented in Tables 2—4. To minimize the
impact of analytical errors, an attempt
was made to approximate the measure-
ment points with different functions. The
best reflection of the points was obtained
using the hyperbolic function. For this
reason, the diagrams shown in Figure 1
were constructed, where the vertical axis
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is turbidity (S) and the horizontal filtered
volume of sewage. The determination
coefficients (R?) have been determined
for the presented functions. It was as-
sumed that the function with the highest
value of the R? coefficient would be a
good fit of the function. Linear functions
and their R? determination coefficients
are shown in Figure 1.

efficiency are decreasing. This means
that the analyzed cartridges, together
with the amount of filtered gray water,
have less ability to remove turbidity. At
the same time, a faster decrease in the
turbidity reduction efficiency in the fil-
trate is noticeable by using a contribution
with activated carbon content relative to
the polypropylene cartridge. Comparing

45
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FIGURE 1. Hyperbolic dependence of turbidity as a function of gray water flow (own studies)

The functions presented in Figure 1
were used to calculate the effectiveness
of gray water treatment using the follow-
ing formula

=7y
p
where:

n — efficiency of decreasing wastewater
turbidity,

S, — initial turbidity of gray water,

S; — turbidity after filtering a given
volume.

Effectiveness of gray water treat-
ment on individual filter cartridges is
shown in Figure 2. As can be seen there,
the functions of the turbidity reduction

the method of pollution reduction ap-
plied in the own research with a double
stage filter cartridge, for example with
the Vakil, Sharma, Bhatia, Kazmi and
Sarkar (2014), using the electrocoagu-
lation processes, the obtained effect is
minimal. The researchers obtained the
turbidity reduction effect at the level of
85%, where in the authors’ own research
the effect was obtained at only 40% for
a double stage cartridge.

Used FCCA carbon cartridges,
FCPS10 polypropylene cartridges and
FCCA-STO polypropylene carbon car-
tridges were not blocked during the tests.
Only 80 dm® of gray water were filtered
each time, and then the experiments were
stopped. Based on the assumption of
FCCA-STO and FCCA filters operation
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FIGURE 2. Effectiveness of turbidity decomposition according to gray water flow filtration (own stud-

ies)

as ordinary mechanical cartridge filters
instead of sorption filters and a straight
decrease in their efficiency, their turbid-
ity removal capacity will run out after
filtering about 630 dm® of gray water
with an FCCA-STO cartridge, 360 dm’
with an FCCA cartridge and 3,400 dm’
with a FCPS cartridge.

It may seem to be problematic why
filtration using the double stage poly-
propylene carbon cartridge FCCA-STO
showed lower efficiency of turbidity
reduction from gray water relative to
the single stage filtration system on the
FCPS10 polypropylene cartridge and at
the same time higher relative to the sys-
tem using the single stage FCCA carbon
cartridge. The carbon cartridge, which is
a sorption filter, under the given condi-
tions works most likely like an ordinary
mechanical filter after the rapid exhaus-
tion of its sorption capacity. It should
be noted that for the FCCA-STO and
FCPS10 cartridge, the contact time of
gray water with a polypropylene bed at
the same flow will be different due to
the twice the bed layer for the FCPS10
cartridge.

Conclusions

The filtration of natural bath gray
water through the cartridge filters did
not show significant improvement in the
quality of the liquid. The filter cartridges
used only contribute to the reduction of
turbidity in the treated gray water. The
remaining quality parameters after gray
water filtration remained at a similar lev-
el to the initial values.

The carbon cartridge, which is a sorp-
tion filter, in the case of filtration of gray
water, most likely acts as a filter for me-
chanical removal of pollutants. Its sorp-
tion capacity is exhausted very quickly.
And the quality parameters of gray water
are practically not improved.

The used filter cartridges for gray
water treatment can be used as prelimi-
nary stages of purification. However, the
use of a carbon refill at this stage of pu-
rification is not recommended due to the
minimal efficiency and, at the same time,
unnecessary increase in the costs of po-
tential gray water treatment.

Decay and turbidity can be important
parameters for a potential user of a gray
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water recycling plant. The values of these
parameters obtained in the tests can be
accepted by the user. Relatively low tur-
bidity (FCPS10 — 16 NTU, FCCA-STO
— 27 NTU, FCCA — 35 NTU) and long
time of decay (three days) give the pos-
sibility of their reuse in the household.
However, it should be remembered that
gray water from the bath is characterized
by high variability. The obtained param-
eters from gray water filtration may be
significantly worse in bath gray water
with a higher degree of biodegradability
(higher BODs, lower decay, higher tur-
bidity, etc.). Therefore, the filtration of
gray water from the bath, even through
a double stage filter cartridge, is not rec-
ommended as the only way to prepare
them.
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Summary

Purpose of the housing double stage
polypropylene-carbon cartridges filters
usage in bath gray water treatment. Bath
gray water organoleptically did not appear to
be significantly contaminated liquid. How-
ever, in order to re-use them, they need prop-
er treatment. When recirculated in a house-
hold, they cannot pose a threat to human life.
Based on their appearance, it seems that the
solution to the problem is the use of cart-
ridges filter. The article presents the results
of the filtration of gray water from the bath
through the filtration system with a housing
double stage polypropylene-carbon filter
FCCA-STO and to determine the impact of
individual filter layers on wastewater treat-
ment, tests were carried out on a single
polypropylene FCPS10 and carbon FCCA
filtration cartridge. The aim of the study
was to determine the suitability of the se-
lected housing filter cartridges for the treat-

ment of bathing gray water for their reuse.
For the tests were used natural bathing gray
water from a two-family building inhabited
by seven people. Wastewater were fed to the
filter with a constant flow rate of 0.1 dm>-s™".
The assessment of the work of the filters
based on parameters such as: COD, BODs,
suspension, dry residue, decay and turbidity.
The conducted tests have shown a slight im-
provement in most of the quality parameters
of gray water after filtration through selected
housing cartridge filters. Only for turbidity,
the reduction in the value of the pollution in-
dicator was noticeable. The cartridge filters
used in tests, acted like ordinary mechanical
filtration cartridges. For the considered gray
water, the use of analyzed cartridge filters can
only be used for their initial purification.
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Introduction

Since the first time it was discovered,
the use of plastic wastes has been hav-
ing a gradual increase. It is influenced
by technological development, industrial
development as well as the rising number
of population. The global use of plastic
in 2007 had reached 260 million t (As-
mita, Shubbamsingh, Tejashree & Road,
2015). Other than as the biggest con-
tributor of solid wastes in the terrestrial
environment, it is also noted that from
the 260 million t of plastic produced,
around 8 t of plastic wastes were carried
by the stream and ended up in the high
seas (Eriksen et al., 2014). The source
of plastic wastes is dominated by pack-
aging (38%), followed by buildings and

constructions (21%), automotive (7%),
electricity and electronics (6%) and
other sectors (28%) the likes of medical
and recreations (European Commission,
2009; Plastics Europe, 2009). The plas-
tic wastes that can be managed by the
Indonesian government are only around
20-30%. The rest of it will be dumped
into the wastes disposal areas. The solid
wastes removal and extermination by
burying them under the ground are also
typically done. Some researchers in their
researches argue that the residual mono-
mer consisted of the plastic polymer can
be dangerous (Lithner, Larsson & Dave,
2011; Galloway, 2015; Comanita, Hlihor,
Ghinea & Gavrilescu, 2016). Besides, the
chemical compounds used in the produc-
tion of plastic as an additive, especially
plasticizer, are dangerous to the human
and environment’s health, along with the
degradation products which might be
emitted during the life cycle of plastic.
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Furthermore, Verma, Vinoda, Papireddy
and Gowda (2016) added that the burning
of poly vinyl chloride (PVC) will release
the halogen which is dangerous and pol-
lutes the air, leading to climate change.
The toxic substances released that way
are a thorough threat to the vegetation,
health, and environment of human and
animals. The polystyrene is destructive
to the central nerves system. The dan-
gerous brominated compounds act as
a carcinogen and mutagen. The dioxin
sediments in the plants and waterways,
therefore it is dangerous to the human
when consuming that food and water.
Based on that condition, the 3R (re-
use, reduce, recycle) methods of plastic
wastes management, as Visvanathan,
Adhikari and Ananth (2007) explained
in their research, are developed. Reuse is
the repeated use of plastic products. Re-
duce is lowering the purchase or usage
of plastic stuff, especially the disposable
ones. Recycle is reprocessing the plastic
products. By implementing this manage-
ment system, the wastes will be trans-
formed back to the initial cycle as raw
materials for the other more useful prod-
ucts. The heightened global attention and
awareness toward the environmental as-
pects enhance the industry to implement
green manufacturing (GM) concept in
their business practices (NPCS Board
of Consultants & Engineers, 2014).
The idea of green manufacturing (GM)
is basically a process/system which has
a minimum impact or negative influence
on the environment. Some countries in
the world have committed to pay more
attention to the environmental aspects
of their agendas. The implementation of
GM can lower the material cost since it
uses wastes as the raw materials, avoids

aggravating the environmental damage,
and positively influences the institutions’
reputation (Webb, Arnott, Crawford &
Ivanova, 2013).

The implementation of GM in manu-
facturing companies consider the thor-
oughness and links of their current busi-
ness practices in woven bag production.
The core phase in the process of using
the raw materials made from recycled
wastes is implementing the planning of
GM principles by producing woven bag
in accordance with the specifications de-
termined by the companies and the con-
sumers’ demands, referring to Standard
National Indonesia (SNI) and the posi-
tive impacts to the environment. The pri-
mary quality parameter of the woven bag
is the tenacity of plastic threads. This te-
nacity is the main factor of strength qual-
ity of woven bag in carrying weights. To
achieve the quality of thread tenacity
qualified to the specifications, the exper-
iments in the factors of machines setup
and plastic raw materials’ components
are influential. This research will exam-
ine the influence of operational tempera-
ture in the extraction machines and the
adding of plastic wastes as the raw mate-
rials of the woven bag. The temperature
factor becomes an essential component
in structuring microplastics. Ariff, Ar-
iffin, Rahim and Jikan (2012) in their re-
search explains that the viscosity of ore
plastic liquids is strongly influenced by
the operational temperature.

Research materials
To be able to explain the role of

plastic cup wastes in becoming the raw
materials of the woven bag within the
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concept of green manufacturing, there
will be discussions on some theoretical
framework, such as plastic wastes, green
manufacturing concept, and the produc-
tion process of the woven bag.

Plastic wastes

Plastic is an artificial material which
molecular structure has a complicated
composition, which also purposely set
to fulfill the specific applications de-
manded by plastic constructed by many
monomers, which eventually constructs
a polymer. The characteristic of plastic
depends on the constructive monomer.
In general, plastics have a low density,
are electrically insulating, have varying
mechanical strength, limited temperature
resistance, and vary chemical resistance.
In addition, plastic is also lightweight,
easy to design, and low-cost manufactur-
ing. Unfortunately, behind all these ad-
vantages, plastic waste creates problems
for the environment. The plastic poly-
mer is composed upon elements of car-
bon, oxygen, and hydrogen. The plastic
molecules can be formed through the or-
ganic condensation or polymer addition
and can also consist of other substances
to improve the performance or economic
values. Plastic classification based on its
chemical structure is divided into two
types, i.e. linear and three-dimensional
network. When the monomer forms a
polymer chain straight (linear), thermo-
plastic plastic will be formed which has
properties melts at a certain temperature,
attached to changes in temperature and
can reversible to its nature, i.e. re-harden
when cooled. When three-dimensional
monomers due to chain polymerization
will form thermosetting plastics with
properties cannot keep up with changes

in temperature. When once hardening
has occurred, the material cannot be soft-
ened again. Plastic has various boiling
and melting points, this is based on the
formation monomers. Monomers are of-
ten used in plastic manufacturing is pro-
pene (CsHg), ethane (C,Hy), vinyl chlo-
ride (CH,), nylon, carbonate (CO3), and
styrene (CgHg). Generally, there are sev-
en types of plastics which we often used
in our daily lives, as seen in the table.

The mixed raw materials used in
the woven bag production is polypro-
pylene (PP) and the transparent plastic
cup wastes (Fig. 1a), which is also come
from PP. The raw materials are the type
of plastic often used to wrap food or bev-
erage type 5 (see the table). This type is
also used as a food container and baby
drink bottle. This product is considered
as a disposable product which can only
be used once and then becomes a solid
wastes or recycled. The PP plastics con-
sist of the crystalline polymer formed
through the process of propylene gas po-
lymerization. Propylene has a lower spe-
cific gravity compared to other types of
plastics (Maddah, 2016). Polypropylene
is a thermoplastic polymer. Polyolefin
is ready to be formed by the process of
propylene polymerizing with a suitable
catalyst, such as aluminum alkyl and
titanium tetrachloride. Therefore, it is
light and suitable as a wrapper material.
A polypropylene has a pretty high melt-
ing point (190-200°C), while its crys-
tallization point is around 130-135°C.
Polypropylene has a high chemical re-
sistance, yet low impact strength.

A plastic can be degraded by the
environment through four mechanisms,
which are photodegradation, thermal
oxidation degradation, hydrolytic degra-
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TABLE. Seven types of plastics based on the danger levels toward the environment and human (Rye-
dale District Council, n.d.)

Symbol Acronym | Information
For mineral water and ready to drink bottles. Not to be refilled, especially
PET .
with hot water.
HDPE Milky white bottles. Usually for mineral water galoon, plastic chairs, or

milk packaging for food. This bottle is also disposable.

Hardly recyclable plastics, such as plastic wrap or bottles. The compo-
PVC nents of this plastic can melt and diffuse to the food in the temperature of
<15°

Usually for food, plastic packaging have soft or flexible texture. Food

EEEE

LDPE plastic wraps or bottles with this symbols is quite safe to be used.
PP Safe to be used as food or beverage wraps. Usually this plastic is used as
L _5 food container and baby drink bottles. The plastic is transparent.
aY Disposable sterofoam packaging for food/beverage. This material can
PS mix with the food under high temperature. Dangerous to the brain and
L ) nerves.
SAN (styrine acrylonitrile), ABS (acrynitrile butadiene styrene), PC
other (polycarbonate), nylon. Usually for food/beverage, household appliances,
computer, etc. Plastic with code 7 SAN and ABS is good and safe to be

used for food/beverage. Meanwhile, PC is dangerous for the body.

FIGURE 1. a — woven bag mixed raw materials of plastic cup wastes, b — polypropylene chemical
structure

dation, and biodegradation by the micro- Crawford & Ivanova, 2013). Because of
organisms. Through these mechanisms, such a long time, there is a technology
the plastic can be degraded perfectly developed which can recycle plastic ma-
within at least 50 years (Webb, Arnott, terials so that the environmental impacts
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can be reduced. Recycling processes of
plastics can be divided into four ways
category for primary, secondary, tertiary,
and sometimes quaternary recycling. The
primary category plastic processing is
defined as a process without changing the
type of product. This process category is
characterized by simple, low-cost stages
(Grigore, 2017). In addition, this process
does not change the chemical structure
of plastic (Singh, Hui, Singh, Ahuja, Feo
& Fraternali, 2017). The secondary cat-
egory of plastic processing is to change
the shape of the product for use in other
functions, for example beverage bottles
are cut to be used as plant pots. Both of
primary and secondary category pro-
cesses are identical to mechanical chang-
es (Stewart, 2009). Processing of tertiary
recycling plastic waste is to break down
plastic products into molecules chemi-
cally and then as the basis for making
new products. Quaternary recycling
is turning plastic waste into an energy
source. The recycling process which is
conducted when the product has been
used by the consumers and re-processed
into its polymer form is called mechani-
cal, yet the transformation to the mono-
mer form is called chemical. The method
of energy recovery refers to the restora-
tion of plastic energy composition, yet it
has a negative impact on the health risks
upon toxic substances in the air. Among
those recycling methods, the chemical is
the best because it leads to its construc-
tion of monomer, where the polymer is
generated.

Some general steps in the process
of chemical recycling of PP plastic are
(Harron & Gilbert, 2014):

1. Collection: plastic wastes are col-
lected from different locations.

2. Cleaning: The cleaning step consists
of wastes washing and drying.

3. Sorting: In this step, not only sepa-
rating the polymer from foreign
substances, but also from other
polymers.

4. Size reduction: This step is aimed to
reduce the size of the wastes as well
as separating the different polymer.
The final product of shredding can be
in a form of ragged plastic pieces.

Green manufacturing

Green manufacturing includes a
number of activities aimed to prevent
pollution, to reduce the use of toxic sub-
stances, and to implement Reduce, Reuse,
and Recycle (3R). The pollution preven-
tion focuses on how to avoid and mini-
malize the wastes by reducing the wastes
resources or doing on the spot recycling.
Reducing the resources of wastes can
be achieved through ways related to the
process or the products (Dornfield, Yuan,
Diaz, Zhang & Vijayaraghavan, 2013;
Seth, Rehman & Shrivastava, 2018),
such as the modification of product by
changing the shape and the composition
of the product’s raw materials; substitut-
ing the input so that the use of raw materi-
als and additive substances, which cause
pollution and require process aids (such
as lubricant and cooler), can be reduced;
modifying the technology by involving
an improvement in the automation proc-
ess, optimation process, redesign of the
tools and process substitution; as well as
changing the operational procedure and
management to decrease or removing
the wastes and emission. The green con-
cept includes the manufacturing process
by using minimal materials and a pro-
cess which minimalizes the negative im-
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pacts toward the environment, low en-
ergy and natural resources, safe for the
employees, people, and consumers, but
also protecting the economic values (Al
Shayeb, 2013; Dui¢, Urbaniec & Huis-
ingh, 2015).

Environmental

Green Mfg.

Green Mfg.
Lean Mfg. ustainable
Mfg.

Economics

Social
Socially Conscious
mfg.

Lean Mfg.

ass Mfg.

FIGURE 2. The linkages of green manufacturing
with the economy, social, and environment

Green manufacturing (GM) has a
significant role in enhancing sustainabil-
ity in plastic use through plastic wastes
recycle. The need for the green envi-
ronment has reinforced the emergence
of GM so that plastic sustainability can
be achieved. The existence of sustain-
able manufacturing will be influential
to the social, economy, and environment
(Fig. 2). A sustainable manufacture refers
to a manufacturing system or process
that fulfills these three important factors
—which are discussing its impacts toward
the environment, economy, and soci-
ety (Teodorescu, 2012; Astuti, Prawoto,
Irawan & Sugiono, 2018). Considering
the definition of the US Trade Depart-
ment upon the sustainable manufacture
that includes “minimalizing the negative
impacts toward the environment, save

energy and natural resources, safe for

the employee, society, and consumers

as well as being economically healthy”

— the three underlined! A company can-

not sustain if those three, at least, is not

balanced with the financial.

Generally, the management of plas-
tic wastes includes collecting, sorting,
crushing, washing, and manufacturing
into the product. The production process
of PP woven bag involves the mixing of
raw materials started from the pellet of
PP or HDPE and other additives, extru-
sion of raw materials into the PP resin
thread heated with CaCO5 and pigment,
melted and extruded as a flat film (Ain &
Panchal, 2017). Meanwhile, the produc-
tion process of the woven bag with the
mixture of plastic bottle wastes includes
several activities, such as:

— Recycle. The plastic as a wastes of
packaged mineral water is recycled
into the form of beans to be able to
be used as a raw material by using a
shredder machine to crush the plastics
and shaped it into plastics beans.

— Mixing the raw materials in the mixer.
The raw materials, which have been
mixed using mixer machine with a
certain composition to generate a fin-
ished material, are sheets of plastics
with a quality-adjusted with SNI’s re-
quirements (4—6 g per 1 denier).

— Plastic extrusion process. The raw
materials mixed with other materials
using mixer are then inserted into a
plastic extrusion machine to generate
the plastic sheets.

— The cooling of the finished materials
(plastic sheets). The cooling treat-
ment to the plastic sheets is done
by dipping it into cold water, where
the temperature should not exceed
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30°C. The objective is so that the PP
plastics generated can have a strong
crystal structure of PP plastics.

— The plastic sheets cutting process.
The stretching process of plastic rib-
bons is done on a plate with certain
temperatures so that the plastic rib-
bons have a strong tenacity due to
the stretching. In this step, the rib-
bons will have a weaker tenacity.

— Annealing (heating without stretch-
ing). In this step, the plastic sheets
are heated through a hot plate with-
out any stretching so that the plastic
sheets can recover its tenacity.

— Rolling. In this step, the plastic rib-
bons which have been cut are then
rolled in a rolling machine consisted
of many rolls moving back and forth
in accordance with the arrangement
set automatically so that the move-
ment of the rolls would not overlap
each other. The changing of the full
rolls is done gradually in accord-
ance with the rolls’ position order
and it can be done manually. The
rolls changing should be done wear-
ing gloves so that the plastic ribbons
would not tear apart and harm the
hands.

— Weaving the plastic rolls. This pro-
cess is the knitting or spinning of the
plastic ribbons/threads. It requires
many rolls and it should be moni-
tored by a supervisor because it is
often that during the process, there
are plastic rolls that break.

— Cutting. After the bag is cut, the
lower part of the bag is sewn up and
ready to be a woven bag.

— Final products. The final products of
woven bags are ready to be delivered
to the customers.

Research methodology

This section discusses the theoreti-
cal framework and research design. This
research is conducted in order to imple-
ment the green manufacturing concept
within the manufacturing process of the
woven bag by utilizing the raw materi-
als made of mineral bottle plastic wastes.
The recycling of plastic wastes has to be
qualified according to the product qual-
ity standard. Accordingly, the research
method is action research. It is empha-
sized on the actions by conducting a test
of'ideas into the practical or real situation
within a micro scale, which is expected
to be able to repair, improve the quality,
and promote social recovery.

The research design is used as the
foundation of this research so that the
implementation could be conducted
right, well, and smooth. In this section,
there will be a discussion on the research
object, research design up to the result,
and the analysis. The research object is
to design a process of PP plastic recy-
cling management in the manufacturing
system through a feasibility test of busi-
ness practices. The concept of making
woven bags is to make basic raw ma-
terials by mixing recycled plastic waste
with pure plastic bijing or categorized as
tertiary recycling in plastic waste. The
alternative raw materials need to be de-
veloped due to the limit of primary raw
materials which come from oil. The re-
search is conducted in PT. Absolutech
Distrindo, a manufacturing factory pro-
ducing woven bags which is located in
Pakis subdistrict, district of Malang, East
Java. It has complete machines and tools
so that it is possible to do the research in
the factory.
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The research design is used to deter-
mine the test parameter in order to ac-
knowledge the woven bags’ feasibility
by using the alternative raw materials of
PP mineral water bottle plastic wastes.
The main parameter used to assess the
woven bags’ feasibility is the thread te-
nacity test, which also happens to be the
woven bags’ material. The test is con-
ducted using a thread tensile strength test
tool with a measurement unit of g per
1 denier. The product is confirmed to
fulfill the Standard National Indonesia
(SNI) if the power is around 4—6 g per
1 denier. Figure 3 shows one example
of tensile strength test for experiment
1 (10% plastic wastes) with extruction
temperature 175°C. According to the
graph, it can be explained that the speci-
men will break after 14 s with maximum
force at 24 N (1 N = 79.98 denier). The
different experiment parameters gave
different tensile strength.

The steps in the woven bag produc-
tion experiment are from the raw materi-
als of original plastic beans and plastic

35 |

beans mixed with plastic bottle wastes.
There are three experiments that will be
conducted, which are experiment [: raw
materials of 100% original plastic beans,
extrusion temperature 1 = 175°C, extru-
sion 2 = 187°C, extrusion 3 = 200°C, ex-
trusion 4 = 212°C, extrusion 5 = 225°C,
lime percentage = 10% and cooling
temperature = 20°C. Experiment II: raw
materials of 90% original plastic beans,
10% plastic bottle wastes, extrusion
temperature 1 = 175°C, extrusion 2 =
= 187°C, extrusion 3 = 200°C, extrusion
4 = 212°C, extrusion 5 = 225°C, lime
percentage = 10% and cooling tempera-
ture = 20°C. Experiment III: raw materi-
als of 90% original plastic beans, 10%
plastic bottle wastes, extrusion tempera-
ture 1 = 185°C, extrusion 2 = 197°C, ex-
trusion 3 = 210°C, extrusion 4 = 222°C,
extrusion 5 = 235°C, lime percentage =
= 10% and cooling temperature = 20°C.
The flowchart (Fig. 4) is presenting the
general steps in the experiment process
of woven bags production based on dif-
ferent conditions.

1000.00 [S
23.95 | Mi

9.524 | Th)

R
30 [—— (M
A
v

25 ——

Ceiling

20 |—— [Bottom
L-Boundary

R-Boundary

[5N/em] 15

10

5

0

2 4 6 8 10

-5 [1sec/cm]

FIGURE 3. The tenacity test measurement for the woven bags’ raw materials for experiment II, tem-

perature 175°C

266

H. Sudjono et al.



I/

N
\rt J

I Literature Reviews

| Raw Materials

¥

100%: Original
Plastic

l

l

| 10% Plastic Waste |

N k.

Manufacturing
1* Condition

Manufacturing
1% Condition

Manufacturing
2" Condition

| Tenacity Test |

Results Analysis &
Discussion

N

( i Stop B P,

FIGURE 4. Flowchart of the woven bag manufacturing process based on differences in raw material

and extrution temperature

Results and discussion

As the beginning of improvement to-
ward the woven bag production system
with the mixed raw materials between
plastic beans and plastic cup wastes, cre-
ated two different manufacturing process
conditions. The second condition of man-
ufacturing process works with the extru-
sion temperature 1 = 175°C, extrusion
2=187°C, extrusion 3 =200°C, extrusion
4=212°C, extrusion 5 =225°C, lime per-

centage = 10% and cooling temperature
=20°C. To investigate the changes in the
woven bags’ tenacity, the raw materials,
which used 100% original plastic beans
and 90% original plastic beans (with 10%
plastic wastes), are compared. According
to the measurement results of each mate-
rial with 8 replications of each (Fig. 5),
there is an average tenacity of 5.15 g per
1 denier for the raw materials of 100%
original plastic beans, while the mixed
one has an average tenacity = 3.38 g
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The Impact of Plastic Waste and First Process Setting on
6 Tenacity for Woven Bag

5 ._-———.l———...___'____—. = . b

Tenacity (g/denier )

.__,i"‘—‘\'__/\

g 100% Original

=== 10% Plastic waste

1 2 3 4

5 B 7 B

Experiments

FIGURE 5. The result of tenacity measurement in setup machine condition 2 for wastes materials 0%

and 10%

per 1 denier. T test has been used to de-
cide whether the two groups of experi-
mental data have significant differences
or not. On the other hand, F test has been
used to find out how much influence
a parameter in the experiment determines
the results. Based on the hypothesis test
using the F test, concluded that F i =
=20 and Fipe = 4.9. With the value of
Feaicul. > Fiable» it can be considered that
the original variance of tenacity is not
homogenous with the recycled’s tenacity.
Besides, according to the result of t test,
the #.a1cu. = 19.25 and 7,1, = 2.13, which
means the gap in the tenacity between
the two materials is really significant.
The condition of manufacturing pro-
cess 3 works on extrusion temperature 1 =
= 185°C, extrusion 2 = 197°C, extrusion
3 =210°C, extrusion 4 = 222°C, extru-
sion 5 = 235°C, line percentage = 10%
and cooling temperature = 20°C. To in-
vestigate the changes in the woven bags’
tenacity, the raw materials, which used
100% original plastic beans and 90%

original plastic beans (with 10% plastic
wastes), are compared. According to the
measurement results of each material
with eight replications of each (Fig. 6),
there is an average tenacity of 5.07 g per
1 denier for the raw materials of 100%
original plastic beans, while the mixed
one has an average tenacity = 4.76 g
per 1 denier. Based on the hypothesis
test using the F test, concluded that
Feaeu, = 97 and Figpe = 4.9. With the
value of Fgjcul > Flaples it can be consid-
ered that the original variance of tenacity
is not homogenous with the recycled’s
tenacity. Besides, according to the re-
sult of t test, the #.yc. = 2.17 and ti,p1c =
= 2.13, which means the gap in the te-
nacity between the two materials is not
significant.

According to Figures 5 and 6, it can
be concluded that statistically, there are
changes in the woven bags’ tenacity with
the original raw materials and the one
mixed with plastic cup wastes. There
are two machine setting conditions com-
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The Impact of Plastic Waste and Second Process Setting
6 on Tenacity for Woven Bag

Tenacity (g/denier )

e g

g 100% Original

=== 102 Plastic waste

1 2 3 4

2 6 7 B

Experiments

FIGURE 6. The result of tenacity measurement in the setup machine condition 2 for wastes materials

0% and 10%

pared, which are machine setting 1 and
2 that have the temperature 10°C higher
than all the extrusion machines. Based on
the comparison of average tenacity tests,
acquired the data that tenacity value for
the first machine setup has tenacity =
=3.38 g per 1 denier and for the second
machine setup=4.76 g per 1 denier. It can
be concluded that the setup temperature
in the second machine is able to meet the
SNI standard, which is around 46 g per
1 denier. It indicates that the setup tem-
perature of the extrusion machine used in
the woven bags production is important
to be studied. Increasing the extrusion
temperature is even able to cut the gap
of tenacity between the raw materials of
original plastics and raw materials mixed
with 10% of plastic wastes. It requires a
further investigation of the relationship
between the characteristics of raw mate-
rials polypropylene (CsHg), operational
machine temperature, and the number
of wastes added to the mix. An experi-
mental design with an in-depth chemical

analysis is expected to be able to find the
right composition that contributes to the
implementation of green manufacturing.
Zhang, Wang, Lu and Yu (2005) state
that; the PP melting duration around
48 s is also needed to be considered in
optimizing the woven bags’ tenacity.

Conclusions

Based on this research, it can be con-
cluded that the addition of plastic cup
wastes has a good chance that can be
beneficial as an additive substances in
the production of woven bags with the
raw materials of polypropylene (CsHg).
The tenacity in the second experiment
condition with the 10% of plastic bottle
wastes is able to generate a good value
of 4.76 g per 1 denier, which is also al-
lowed by the government (4-6 g per
1 denier). Statistically, the difference
of tensile strength between two materi-
als is not significance. The comparison
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between the first and second experiment
shows that the setting of the extrusion
machine’s temperature is very influential
to the products of woven bags. The in-
crease in temperature as much as 10°C
could improve the tenacity up to 40.38%.
The understanding of the PP chemical
characteristics and machine setting is
helpful to generate an optimal tenacity.
Therefore, in the future, the complete re-
search design is required to increase the
use of wastes in the production of woven
bags.
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Summary

The product strength analysis of wo-
ven bag made from recycled mineral
water plastic cups based on the polypro-
pylene content. The increasing amount of
plastic wastes has become a threat to the
sustainability of all ecosystem in this Earth.
This paper aims to provide an alternative uti-
lization of plastic wastes as the raw material
in the manufacturing process of woven bag
products with a quality control in its tenacity.
The initial phase of this research is a litera-
ture review on the concept of green manu-
facturing, woven bag quality, compositions
of plastic wastes and woven bag manufac-
turing proses. Furthermore, it is followed by
a data measurement in a form of tenacity test
using a thread test gauge (tenacity). There
are two types of the condition in the manu-
facturing process of woven bag production
compared by increasing the temperature as
much as 10°C in all the extraction machines.
The measurement result shows that the aver-
age tensile strength in the production process
of the woven bag made from the wastes of
mineral water plastic cups with 10% com-
position and extraction temperature for the
first condition is 3.38 g per 1 denier and the
second condition is 4.76 g per 1 denier. The
result of second condition manufacturing
(increasing the extraction temperature by
10°C) after comparing it with the quality re-
quired by Standard National Indonesia (SNI)
as much as 4 to 6 g per 1 denier is considered

The product strength analysis of woven bag made from recycled mineral water...

271



good quality. Therefore, through the concept  Pratikto

of green manufacturing, the utilization of Brawijaya University

plastic wastes might provide a substitution Faculty of Engineering

to the part of plastic core raw material in Department of Mechanical Engineering
the woven bag production. This research is Indonesia ,

designed to be the beginning of innovation ¢-Mail: pratikto@ub.ac.id

to acquire raw materials for the woven bag,
furthermore, the optimization toward the
machine setting and innovation on plastic
wastes raw materials become the foundation
in increasing the tenacity.

Surachman

Brawijaya University

Faculty of Economics

Department of Economics and Business
Indonesia

e-mail: surachman@ub.ac.id

Authors’ address:

Sugiono Sugiono — corresponding author
Hary Sudjono

” . . Brawijaya University
Brawijaya University Faculty of Engineering

Faculty of Engineering Department of Industrial Engineering
Department of Industrial Engineering Indonesia

Indonesia

1 ) ) e-mail: sugiono_ub@ub.ac.id
e-mail: harysudjono@ub.ac.id

272 H. Sudjono et al.



Informacje dla autoréw

Na tamach Przeglqdu Naukowego — InZynieria i Ksztaltowanie Srodowiska zamieszczane sa oryginalne
prace naukowe w jezyku polskim lub angielskim, niepublikowane w innych czasopismach. Prawa
autorskie tekstow przyjetych do druku udzielone sa Wydawnictwu SGGW, a artykuly sa udostgpniane
na warunkach Open Access na zasadach licencji Creative Commons CC BY-NC (patrz o$wiadczenie
autorow na stronie http://iks.pn.sggw.pl).

Wymagania techniczne dotyczace przygotowania prac:

1.

Tekst i tabele nalezy zlozy¢ w formie elektronicznej, w plikach o formacie MS Office, a rysunki
— wstawione do tekstu i w oddzielnych plikach graficznych, w programach pracujacych w $rodo-
wisku Windows (Excel, Photoshop itp.) w wersji czarno-biatej. Rysunki i zdjgcia w wersji papiero-
wej sa drukowane w skali szarosci, a na stronie internetowej czasopisma wygenerowane w wersji
kolorowe;j.

Objetos¢ artykutu wraz z ilustracjami nie moze przekracza¢ 10 stron formatu A-4, interlinia —
1,5 wiersza, marginesy — 2,5 cm, czcionka TNR 12 pkt., tekst w uktadzie jednokolumnowym.

Uklad pracy (zgodnie z szablonem: http://iks.pn.sggw.pl/do_autorow.html):

L O R

10.

11.
12.

13.

. Imig i nazwisko autora(-6w) — u gory z lewej strony.

. Pod nazwiskiem — miejsce pracy w polskim i angielskim jgzyku.

. Tytut pracy — w polskim i angielskim jgzyku.

. Stowa kluczowe (Key words) — w polskim i angielskim j¢zyku.

. Tekst pracy (w jezyku polskim lub angielskim) powinien obejmowac: wprowadzenie, material

i metody, wyniki, podsumowanie i dyskusje, wnioski, literature, streszczenie w jezyku angiel-
skim (Summary), streszczenie w jezyku polskim, adres autora(-6w).

. Tytuly tabel i rysunkdw, opisy gtowki pionowej i poziomej tabel oraz wszystkie napisy na ilustra-

cjach musza by¢ w polskim i angielskim jgzyku w wersji czarno-biate;.

. W tekstach w jezyku polskim do oznaczania pozycji dziesigtnej liczb nalezy uzywac przecinka,

a w jezyku angielskim — kropki.

. Przy powotywaniu si¢ w artykutach angielskojezycznych na publikacje w Przeglqdzie Naukowym

autorzy proszeni sa o uzywanie jego angielskiej nazwy.

. Wykaz pi$miennictwa i powolania nalezy sporzadzi¢ wedlug mig¢dzynarodowego formatu APA

i zestawi¢ w porzadku alfabetycznym. Blizsze informacje, przyktady formatowania i program do
tworzenia opisow bibliograficznych w wymaganym formacie znajduja si¢ na stronie Przeglqdu
Naukowego (http://iks.pn.sggw.pl/do_autorow.html), np.:

Kowalski, J. i Nowak, P. (2009). Analiza regresji stosowana. Warszawa: Wydawnictwo Naukowe
PWN.

Kowalski, J., Nowak, P. i Bartnik, Z. (2009). Suspended sediment sources in two small lowland
agricultural catchments in the UK. Journal of Hydrology, 252(1-4), 1-24. doi:10.1016/s0022-
1694(01)00388-2

Procedura recenzowania. (2014). Pobrano z lokalizacji Przeglad Naukowy Inzynieria i Ksztatto-
wanie Srodowiska: http://iks.pn.sggw.pl/recenzje.html.

Przy pierwszym powotywaniu si¢ w tekscie na innych autoréw podaje si¢ np.: ,,zdaniem Kowal-
skiego (2002)” lub ,,(Kowalski, 2002)”. Przy wigkszej liczbie autoréw ,,(Kowalski, Malinowski
i Witkowski, 2002)”.

Streszczenia powinny zawiera¢ ok. 500 znakow.

Author’s address:

Jan Kowalski

Nazwa miejsca pracy w jezyku polskim (uczelnia, wydzial, katedra)

ulica, kod pocztowy miejscowosé, Poland

e-mail

Oswiadczenie o oryginalnos$ci pracy (http:/iks.pn.sggw.pl/oswiadczenie.doc).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


