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Wprowadzenie

Wzrost liczby ludności, urbanizacja 
i uprzemysłowienie to jedne z wiodą-
cych problemów współczesnego świa-
ta. W związku z tym pojawiają się py-
tania, jak zapewnić wystarczającą ilość 
jedzenia, energii i wody. Szacuje się, że 
znaczna część świata już jest narażona na 
tzw. stres wodny, to jest niedobór wody, 
a sytuacja w przyszłości jeszcze się po-
gorszy (Alcamo, Flörke i Märker, 2007; 
Mekonnen i Hoekstra, 2016; Wada i in., 

2016). Wraz ze wzrostem liczby ludno-
ści, rozrastającymi się aglomeracjami 
i rozwojem przemysłowym rośnie także 
ilość substancji odpadowych emitowa-
nych do wód. Często wody te są nieod-
powiednio oczyszczane, co powoduje 
problemy z ich dalszym wykorzystaniem 
poniżej zrzutu do odbiornika do poboru 
wody dla potrzeb gospodarczych i by-
towych, do celów przemysłowych lub 
w rolnictwie, ale także w celu zapew-
nienia zaopatrujących ekosystemowych 
usług wodnych (Keeler i in., 2012). 
Problemy te będą nasilać się wraz ze 
zmianami klimatu i z rozwojem społecz-
no-gospodarczym (Li i in., 2017) i będą 
miały wpływ na gospodarkę oraz inne 
dziedziny życia (Hertel i Liu, 2016). 
Z tych właśnie powodów ONZ zdefi -
niowała jako jeden z 17 celów zrów-
noważonego rozwoju cel 6: Zapewnić 
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wszystkim ludziom dostęp do wody 
i warunków sanitarnych poprzez zrów-
noważoną gospodarkę zasobami wodny-
mi (UN, 2015). Aby to osiągnąć, okre-
ślono konkretne zadania. Zadanie 6.3 
ma na celu poprawienie jakości wód po-
przez zmniejszenie odprowadzanych do 
nich zanieczyszczeń. Głównymi źród-
łami zanieczyszczeń dostających się do 
wody jest rolnictwo, przemysł i źródła 
komunalne. Zanieczyszczenia pocho-
dzące z rolnictwa mają charakter zanie-
czyszczenia obszarowego wynikającego 
ze stosowania na gruntach rolnych na-
wozów, pestycydów i innych substan-
cji. Zanieczyszczenia przemysłowe to 
zazwyczaj zanieczyszczenia punktowe 
z przedsiębiorstw i zakładów przemysło-
wych. Skład zanieczyszczeń z jednostek 
osadniczych zależy od typu zabudowy. 
W przypadku luźnej zabudowy zanie-
czyszczenie może być rozproszone. 
W Europie Środkowej jest jednak bar-
dziej rozpowszechniony układ urbani-
styczny w postaci aglomeracji miejskich 
i stref podmiejskich o dużej koncentracji 
ludności i powiązanych usługach sku-
pionych na niewielkim obszarze. Ścieki 
i wody deszczowe z tak zabudowanych 
obszarów są odprowadzane przez syste-
my kanalizacyjne, a ich zrzuty do odbior-
nika są punktowe. W celu zmniejszenia 
zanieczyszczenia komunalnego genero-
wanego na obszarach zurbanizowanych 
oraz zanieczyszczeń przemysłowych 
poszczególne systemy kanalizacyjne są 
zakończone, zgodnie z prawodawstwem 
europejskim, oczyszczalniami ścieków.

Przedstawione badania dotyczą oce-
ny wpływu oczyszczalni ścieków na re-
dukcję zanieczyszczeń odprowadzanych 
do wód z punktowych źródeł zanie-
czyszczeń. Do oceny wpływu zrzutów 

zanieczyszczeń na odbiornik stosuje się, 
w zależności od celu oceny, różne me-
tody. W tym wypadku wybrano metodę 
analizy śladu wodnego. Ślad wodny to 
narzędzie, które pozwala wyrazić ilość 
wody zużytej zarówno bezpośrednio, 
jak i pośrednio w całym cyklu produk-
cyjnym (np. wyrobów, fi rmy lub usługi) 
w celu rozcieńczenia zanieczyszczenia 
związanego z tym procesem. Koncepcja 
śladu wodnego została wprowadzona 
w 2002 roku (Hoekstra, 2003). Od mo-
mentu wprowadzenia wskaźnika ślad 
wodny, ze względu na jego prostotę 
i użyteczność w praktyce, zyskał dużą 
popularność wśród naukowców, or-
ganów decyzyjnych i użytkowników. 
W literaturze można znaleźć coraz wię-
cej badań z wykorzystaniem śladu wod-
nego (Mubako, 2018; Ansorge, Stejska-
lová i Vološinová, 2019; Zhu i in., 2019). 
Szczegółowy opis metodologii określa-
nia śladu wodnego jest dostępny w wie-
lu językach, w tym również w języku 
polskim (Fiałkiewicz, Burszta-Adamiak, 
Malinowski i Kolonko, 2013; Bergier 
i in., 2019). 

Do oceny zanieczyszczenia wód 
służy tzw. szary ślad wodny. Określa 
on objętość wody wymaganą do roz-
cieńczenia ładunku odprowadzanych 
zanieczyszczeń do takiego stopnia, żeby 
jakość uzyskanej wody nie przekraczała 
obowiązujących standardów (Hoekstra, 
Chapagain, Aldaya i Mekonnen, 2011). 
Do wyliczenia śladu wodnego oprócz 
sposobu opartego na klasyfi kacji zrzu-
tów zanieczyszczeń (szary ślad wodny) 
stosuje się też metodę oceny cyklu życia 
(ang. life cycle assessment – LCA), która 
jest również określana jako ślad wodny 
(Bergier i in., 2019). Obliczanie śladu 
wodnego na podstawie wskaźnika LCA 
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zostało zdefi niowane w międzynarodo-
wej normie ISO 14046:2014.

Oceną prawidłowego funkcjono-
wania oczyszczalni ścieków za pomocą 
śladu wodnego zajmowało się w prze-
szłości wielu autorów i na ten temat zo-
stały opublikowane liczne badania. Shao 
i Chen (2013) w badaniu śladu wodne-
go oczyszczalni ścieków zajmowali się 
bezpośrednimi i pośrednimi kosztami 
oczyszczania ścieków z użyciem tzw. 
podejścia hybrydowego i analizy prze-
pływów międzygałęziowych (ang. in-
put–output). Analizę przepływów mię-
dzygałęziowych wykorzystano również 
do oszacowania udziału poszczególnych 
sektorów z obszarów zurbanizowanych 
(Li, Liu, Yang i Hao, 2016). Gu i inni 
(2016) zaproponowali, aby zastosować 
tzw. wskaźnik redukcji śladu wodnego 
przy określaniu roli oczyszczalni ście-
ków w zmniejszaniu wpływu człowieka 
na zasoby wodne. Z kolei Gómez-Llanos, 
Durán-Barroso i Matías (2018) do oce-
ny poprawy jakości ścieków w procesie 
oczyszczania wprowadzili nowy wskaź-
nik – tzw. operatywny szary ślad wodny, 
tj. różnicę między szarym śladem wod-
nym bez oczyszczalni i z oczyszczalnią 
ścieków. Opublikowanych zostało także 
kilka analiz dotyczących szarego śladu 
wodnego w wybranych oczyszczalniach 
ścieków lub na wybranych terytoriach. 
Fiałkiewicz i inni (2013) zajęli się rów-
nowagą hydrologiczną miasta i ustalili 
ślad wodny Wrocławia. Teodosiu, Barjo-
veanu, Sluser, Popa i Trofi n (2016) po-
równali metodologię oceny śladu wod-
nego (ang. water footprint assessment) 
zgodnie z zasadami LCA z metodologią 
według kwantyfi kacji oddziaływania na 
środowisko (ang. environmental impact 
quantifi cation) na komunalnej oczysz-

czalni ścieków w Iasi, w Rumunii (Bar-
joveanu, Cojocariu, Robu i Teodosiu, 
2010). Morera, Corominas, Poch, Al-
daya i Comas (2016) przetestowali me-
todologię śladu wodnego w oczyszczalni 
ścieków o wydajności 4000 m3 na dobę 
w miejscowości La Garriga, w Hiszpa-
nii. Martínez-Alcalá, Pellicer-Martínez 
i Fernández-López (2018) zbadali wpływ 
12 komunalnych oczyszczalni ścieków 
w regionie Murcia (Hiszpania) na zmniej-
szenie szarego śladu wodnego nie tylko 
w przypadku powszechnie spotykanych 
wskaźników zanieczyszczeń, ale także 
farmaceutyków. Ansorge i inni (2019) 
wykorzystując szary ślad wodny, dokona-
li oceny zrzutów ścieków z 14 komunal-
nych oczyszczalni ścieków w północno-
-zachodnich Czechach z punktu widze-
nia kryteriów zrównoważonego rozwoju. 
Johnson i Mehrvar (2019) opublikowali 
badanie wykorzystujące ślad wodny do 
oceny ścieków z przemysłu winiarskie-
go oczyszczanych w oczyszczalni ście-
ków komunalnych w rejonie Niagara, 
w Ontario (Kanada). Stejskalová, An-
sorge, Kučera i Vološinová (2019) do-
konali oceny zrównoważonego zrzutu 
ścieków z komunalnych oczyszczalni 
ścieków w małej zlewni łącznie z obli-
czeniem śladu wodnego przed moder-
nizacją i po modernizacji tego obiektu. 
Qin, Sun, Han i Zou (2019) obliczyli sza-
ry ślad wodny dla przemysłu, rolnictwa 
i gospodarstw domowych w 31 prowin-
cjach w Chinach w latach 1998–2012.

W niniejszym badaniu szary ślad 
wodny jest wykorzystywany do wyra-
żenia wpływu przemysłowych i komu-
nalnych oczyszczalni ścieków na re-
dukcję odprowadzanych zanieczyszczeń 
w czeskiej części międzynarodowego 
dorzecza Odry. Znaczne zanieczyszcze-
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nie wód powierzchniowych w dorze-
czu Odry jest postrzegane jako istotny 
problem o znaczeniu ponadregionalnym, 
którego rozwiązanie wymaga wymiany 
informacji i uzgodnienia na poziomie 
międzynarodowym. Oprócz problemów 
ponadregionalnych w dorzeczu Odry wy-
stępują także problemy gospodarki wod-
nej o charakterze regionalnym, a jednym 
z nich jest niedostateczny w stosunku do 
obecnego stanu wiedzy i techniki oraz 
ustalonych celów środowiskowych dla 
wód powierzchniowych stopień oczysz-
czania odprowadzanych ścieków w re-
gionalnych zlewniach cząstkowych.

Metodologia badań

Powierzchnia dorzecza Odry w Re-
publice Czeskiej wynosi 7240 km2, co 
stanowi zaledwie 6% całego dorzecza 
(MKOO, 2015). W celu realizacji dyrek-
tywy 2000/60/WE ustanawiającej ramy 
wspólnotowego działania w dziedzinie 
polityki wodnej międzynarodowy ob-
szar dorzecza Odry (MODO) podzielo-
no na siedem jednostek, z których część 
obszarów opracowania górnej Odry 
i Nysy Łużyckiej znajduje się w Repub-
lice Czeskiej.

Dane dotyczące ścieków odprowa-
dzanych do wód w ilościach przekracza-
jących 500 m3 miesięcznie lub 6000 m3

rocznie są w Republice Czeskiej ewi-
dencjonowane przez Státní Podniky 
Povodí (zarządy dorzecza) oraz za-
pisywane w rejestrze poborów wody 
i zrzutów ścieków do odbiornika, łącznie 
z wybranymi danymi dotyczącymi ilości 
i jakości ścieków surowych na dopły-
wie do oczyszczalni i oczyszczonych 
odprowadzanych do odbiorników wod-

nych. Informacje o zanieczyszczeniach 
na dopływie do oczyszczalni oraz zrzu-
tach ścieków oczyszczonych do odbior-
nika uwzględniają siedem wybranych 
wskaźników zanieczyszczenia, którymi 
są: biochemiczne zapotrzebowanie tlenu 
(BZT5), chemiczne zapotrzebowanie tle-
nu (ChZTCr), zawiesiny ogólne, rozpusz-
czone związki mineralne, azot amonowy 
(N-NH4

+), azot nieorganiczny (Nnorg) 
i fosfor ogólny (Pog).

Do badania śladu wodnego i analizy 
redukcji zanieczyszczeń wykorzystano 
dane charakteryzujące 391 oczyszczalni 
ścieków i miejsc zrzutu ścieków oczysz-
czonych do odbiorników wodnych 
w czeskiej części dorzecza Odry, które 
zebrano w latach 2004–2018 (tab. 1). 
Komunalne i przemysłowe oczyszczal-
nie ścieków identyfi kowano na podsta-
wie klasyfi kacji działalności gospodar-
czych w Unii Europejskiej, tj. kodów 
NACE (Nomenclature statistique des 
activités économiques dans la Commu-
nauté européenne).

Kalkulacja zmniejszenia szarego 
śladu wodnego w dorzeczu odbywa się 
w czterech krokach. Zgodnie z równa-
niem (1) obliczano szary ślad wodny 
zarówno generowanych (na dopływie do 
oczyszczalni), jak i odprowadzanych za-
nieczyszczeń (na odpływie z oczyszczal-
ni) dla każdego wskaźnika zanieczysz-
czenia i oraz punktu zrzutu j. Następnie 
na podstawie wzoru (2) obliczono ślad 
wodny ścieków surowych doprowadzo-
nych do oczyszczalni i odprowadzane-
go ładunku zanieczyszczeń dla każdego 
punktu zrzutu j. W trzecim kroku, zgod-
nie z równaniem (3), określono szary 
ślad wodny dorzecza jako sumę śla-
dów wodnych wszystkich miejsc zrzu-
tu. Wreszcie redukcję zanieczyszczeń 
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(sprawność oczyszczania ścieków) okre-
ślono na podstawie wzoru (4) jako sto-
sunek różnicy szarego śladu wodnego na 
dopływie i odpływie (w miejscu zrzutu 
do odbiornika) do szarego śladu wodne-
go na dopływie.

, ,
szary, , ,

max, , nat, ,

j i k
j i k

j i j i

L
SW

c c
 (1)

szary, szary, ,1
n

k j kjSW SW=
 (3)

szary,effluent szary,influent

szary,influent

SW SW
redukcja

SW

 

 (4)
gdzie:
k – identyfi kator (infl uent – dopływ 
do oczyszczalni, effl uent – odpływ 
z oczyszczalni),
SWszary,j,i,k – szary ślad wodny zanie-
czyszczenia i w miejscu zrzutu j [obję-
tość / czas],
SWszary,j,k – szary ślad wodny oczyszczal-
ni w miejscu zrzutu j [objętość / czas],

SWszary,k – szary ślad wodny analizowa-
nego systemu [objętość / czas],
Lj,i,k – ładunek zanieczyszczenia i na do-
pływie do oczyszczalni albo ładunek za-
nieczyszczenia i na odpływie z oczysz-
czalni w miejscu j [masa / czas],
cmax,j,i – dopuszczalne stężenie zanie-
czyszczeń i w odbiorniku w miejscu j 
[masa / objętość],

cnat,j,i – naturalne stężenie zanieczysz-
czeń i w odbiorniku j [masa / objętość],
n – liczba punktów zrzutów.

Poziomy granicznych zawartości 
monitorowanych zanieczyszczeń po-
daje czeska norma techniczna wydana 
w 2017 roku – ČSN 75 7221. Zgodnie 
z nią maksymalne stężenia zanieczysz-
czeń w odbiorniku (cmax) zostały ustalone 
na podstawie poziomów dla wód II klasy, 
a poziom naturalnego stężenia (cnat) 
określono zgodnie z wartościami dla 
wód I klasy (tab. 2).

TABELA 1. Liczba punktów zrzutów ścieków w czeskiej części dorzecza Odry (badania własne)
TABLE 1. Number of wastewater discharges in the Czech part of Odra river basin (own studies)

Wyszczególnienie
Specifi cation

Górna Odra
Upper Odra 

Nysa Łużycka
Lusatian Neisse

Razem
Sum

Liczba punktów zrzutów ścieków z redukcją odprowa-
dzanych zanieczyszczeń 
Number of places of wastewater discharges with pollu-
tion reduction 

329 62 391

Liczba zapisów zrzutów ścieków w rejestrze z redukcją 
odprowadzanych zanieczyszczeń
Number of records concerning discharges with pollu-
tion reduction

2607 446 3053

(2){ }szary, , szary, ,1, szary, ,2, szary, , ,max , ,...,j k j k j k j i kSW SW SW SW=
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Wyniki oraz ich dyskusja

Szary ślad wodny zanieczyszczeń 
odprowadzanych z oczyszczalni ście-
ków waha się w czeskiej części dorze-
cza Odry od 1,87 do 4,00·109 m3 rocznie 
(rys.). Zlewnia cząstkowa górnej Odry 
ma w nim udział na poziomie 71–92%, 
a zlewnia Nysy Łużyckiej zaledwie 
8–29%. Szary ślad wodny zanieczysz-
czeń na dopływie do oczyszczalni ście-
ków wynosi od 21,66 do 30,14·109 m3 
rocznie. Skuteczność usuwania zanie-
czyszczeń w oczyszczalniach ścieków 
w czeskiej części dorzecza Odry wyno-
si 85–95% i podobne wyniki osiąga się 
również w cząstkowej zlewni górnej 
Odry, gdzie wielkość redukcji bada-

nych wskaźników osiąga od 86 do 95%. 
W czeskiej części zlewni Nysy Łuży-
ckiej redukcja zanieczyszczeń kształtuje 
się w granicach od 58 do 92%. Szczegó-
ły podano w tabeli 3.

Odpływy z oczyszczalni komunal-
nych (tab. 4) stanowią od 68 do 90% 
szarego śladu wodnego zrzucanych za-
nieczyszczeń. W zlewni Nysy Łużyckiej 
zrzuty z miejskich oczyszczalni ścieków 
stanowią od 88 do 99% całkowitego sza-
rego śladu wodnego. Podobnie jest z za-
nieczyszczeniami w ściekach surowych 
na dopływie do oczyszczalni. Zanie-
czyszczenia dopływające do miejskich 
oczyszczalni ścieków stanowią od 68 
do 93% szarego śladu wodnego zanie-
czyszczeń wytwarzanych w całym do-

TABELA 2. Maksymalne i naturalne poziomy monitorowanych wskaźników
TABLE 2. Monitored parameters with their natural and maximum concentration values

Wskaźnik
Parameter

cnat
[mg·l–1]

cmax
[mg·l–1]

Biochemiczne zapotrzebowanie tlenu
Biochemical oxygen demand 2 4

Chemiczne zapotrzebowanie tlenu 
Chemical oxygen demand 15 25

Zawiesiny ogólne
General suspensions 15 25

Rozpuszczone związki mineralne*
Dissolved minerals 300 450

Azot nieorganiczny
Inorganic nitrogen 2,75 5,55

Fosfor ogólny
General phosphorus 0,05 0,15

Azot amonowy
Ammonium nitrogen 0,2 0,4

*Wartość zdolności asymilacyjnej (cmax–cnat) rozpuszczonych związków mineralnych wyprowadzono 
na podstawie założenia, że rozpuszczone związki mineralne są podzbiorem całkowitej ilości rozpusz-
czonych substancji stałych. Wartość zdolności asymilacyjnej dla rozpuszczonych związków mineral-
nych określono na poziomie 3/4 zdolności asymilacyjnej całkowitej ilości rozpuszczonych substancji 
stałych zgodnie z normą ČSN 75 7221 (Ansorge, Stejskalová, Dlabal i Kučera, 2019).
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rzeczu Odry – od 65 do 93% w dorzeczu 
górnej Odry, a od 92 do 99% w zlewni 
Nysy Łużyckiej. Ścieki odprowadzane 
z przemysłowych oczyszczalni ścieków 
(tab. 5) stanowią zatem jedynie niewiel-
ką część szarego śladu wodnego.

Przeprowadzone badania mają kilka 
ograniczeń:

W przypadku 168 zapisów doty-
czących zrzutów zanieczyszczeń do 
odbiornika (co stanowi 5,5%) w re-
jestrze jest brak niektórych danych 
odnośnie wskaźnika zanieczyszcze-
nia na dopływie do oczyszczalni ście-
ków, determinującego wartość śladu 
wodnego w odpływie z oczyszczalni. 
Zatem obliczenie stopnia zmniejsze-
nia zanieczyszczenia w powyższych 
przypadkach może nie być całkowi-
cie dokładne.
W trakcie badań dysponowano dany-
mi o siedmiu podstawowych wskaź-
nikach zanieczyszczenia ujętych 

1.

2.

w centralnym rejestrze, ale, jak poka-
zują badania zagraniczne (Martínez-
-Alcalá i in., 2018), na szary ślad wod-
ny mogą mieć wpływ również substan-
cje inne niż standardowo monitoro-
wane w oczyszczalniach ścieków czy 
raportowane do rejestrów centralnych. 
W przypadku 1837 ewidencjonowa-
nych pomiarów jakości ścieków suro-
wych i oczyszczonych (tj. 60,2%) ze 
względu na niejednakową skuteczność 
usuwania poszczególnych zanieczysz-
czeń doszło do zamiany wskaźnika 
zanieczyszczenia determinującego 
ślad wodny na dopływie ścieków do 
oczyszczalni na wskaźnik dominujący 
na odpływie z oczyszczalni.
W 21 przypadkach (0,7%) na oczysz-
czalni ścieków nastąpił wzrost szarego 
śladu wodnego (poza przypadkami, 
o których mowa w pkt 1). Przyczyną 
mogły być błędy w centralnej bazie 
danych albo optymalizacja procesu 

3.
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oczyszczania zamierzona z pewnych 
względów na inny wskaźnik zanie-
czyszczenia niż te, na podstawie któ-
rych określano szary ślad wodny.

Wnioski

Jedną z głównych zalet szarego śladu 
wodnego jest to, że transfi guruje każdy 
rodzaj zanieczyszczenia wypuszczanego 
do odbiornika w ilość wody niezbędną do 
rozcieńczenia wprowadzonego do wody 
ładunku zanieczyszczenia do takiego 
stopnia, aby jakość wody nie przekracza-
ła ustalonych standardów. W ten sposób 
można porównywać ze sobą różne wskaź-
niki zanieczyszczenia. Jego wadą jest to, 
że odnosi się wyłącznie do chemizmu 
wody a nie uwzględnia wpływu odprowa-
dzanych ścieków na stan ekologiczny.

Oczyszczalnie ścieków w znacznym 
stopniu redukują zanieczyszczenie odpro-
wadzane do odbiornika, a tym samym mi-
nimalizują potrzebę rozcieńczania zrzutu 
ścieków do bezpiecznego stężenia. W cze-
skiej części dorzecza Odry oczyszczalnie 
ścieków zmniejszają nawet o 92% ilość 
wody potrzebnej do rozcieńczenia odpro-
wadzanych zanieczyszczeń, tj. szary ślad 
wodny. Czeska część dorzecza Odry jest 
podzielona na dwa obszary opracowania: 
około 90% szarego śladu wodnego doty-
czy dorzecza górnej Odry, a 10% zlewni 
Nysy Łużyckiej. Na początku monitoro-
wanego okresu 2004–2018 oczyszczalnie 
komunalne i przemysłowe przyczyniły 
się do wielkości szarego śladu wodnego 
w dorzeczu górnej Odry w 65 : 35. Pod 
koniec tego okresu stosunek ten wynosił 
85 : 15. W zlewni Nysy Łużyckiej również 
wzrósł odsetek komunalnych oczyszczal-
ni ścieków względem oczyszczalni prze-

mysłowych z około 96 : 4 do 98 : 2. Ze 
względu na niejednakowy stopień reduk-
cji poszczególnych wskaźników zanie-
czyszczenia w oczyszczalniach ścieków 
w 60% oczyszczalni wielkość szarego 
śladu wodnego na wlocie do oczyszczalni 
była uwarunkowana innym wskaźnikiem 
niż na wylocie z oczyszczalni.

Literatura

Alcamo, J., Flörke, M. i Märker, M. (2007). Future 
long-term changes in global water resources 
driven by socio-economic and climatic chang-
es. Hydrological Sciences Journal, 52(2), 247-
-275. https://doi.org/10.1623/hysj.52.2.247

Ansorge, L., Stejskalová, L. i Vološinová, D. 
(2019). Srovnání výzkumu vodní stopy v 
ČR a ve světě – bibliometrická analýza. 
Vodohospodářské technicko-ekonomické 
informace, 61(6), 60-62. Pobrano z: https://
www.vtei.cz/2019/12/srovnani-vyzkumu-
vodni-stopy-v-cr-a-ve-svete-bibliometricka-
analyza [dostęp 19.12.2019].

Ansorge, L., Stejskalová, L., Dlabal, J. i Kučera, 
J. (2019). Šedá vodní stopa jako ukazatel 
udržitelného vypouštění odpadních vod 
– případová studie Povodí Ohře. Entecho, 
2(2), 12-18. https://doi.org/10.35933/ENTE-
CHO.2019.12.001

Barjoveanu, G., Cojocariu, C., Robu, B. i Teodosiu, 
C. (2010). Integrated assessment of wastewa-
ter treatment plants for sustainable river basin 
management. Environmental Engineering 
and Management Journal, 9(9), 1251-1258. 
Pobrano z:  http://eemj.eu/index.php/EEMJ/
article/view/634 [dostęp 20.03.2020].

Bergier, T., Burszta-Adamiak, E., Fiałkiewicz, 
W., Małeck, P., Owsiany, M., Rosiek, K., 
Rybicki, S.M. i Wojciechowska, E. (2019). 
Racjonalizacja wykorzystania zasobów 
wodnych na terenach zurbanizowanych. 
Stowarzyszenie Gmin Polska Sieć „Energie 
Cités”. Pobrano z: http://www.sladwodnymi-
ast.pl/images/2019/20191108/Racjonaliac-
ja_wykorzystania_zasob%C3%B3w_wod-
nych_na_terenach_zurbanizowanych.pdf 
[dostęp 27.02.2020].

ČSN 75 7221. Kvalita vod. Klasifi kace kvality 
povrchových vod.



134 L. Ansorge et al.

Dyrektywa 2000/60/WE Parlamentu Europej-
skiego i Rady z dnia 23 października 2000 r.
ustanawiająca ramy wspólnotowego działa-
nia w dziedzinie polityki wodnej. OJ L 327 
z 22.12.2000.

Fiałkiewicz, W., Burszta-Adamiak, E., Ma-
linowski, P. i Kolonko, A. (2013). Urban 
water Footprint – System monitorowania 
i oceny gospodarowania wodą w miastach. 
Ochrona Środowiska, 35(3), 9-12. 

Gómez-Llanos, E., Durán-Barroso, P. i Matías-
-Sánchez, A. (2018). Management effective-
ness assessment in wastewater treatment 
plants through a new water footprint indicator. 
Journal of Cleaner Production, 198, 463-471. 
https://doi.org/10.1016/j.jclepro.2018.07.062

Gu, Y., Dong, Y., Wang, H., Keller, A., Xu, J., 
Chiramba, T. i Li, F. (2016). Quantifi cation 
of the water, energy and carbon footprints of 
wastewater treatment plants in China consid-
ering a water–energy nexus perspective. Eco-
logical Indicators, 60, 402-409. https://doi.
org/10.1016/j.ecolind.2015.07.012

Hertel, T.W. i Liu, J. (2019). Implications of water 
scarcity for economic growth. W Economy-
-Wide Modeling of Water at Regional and 
Global Scales (strony 11-35). Singapore: 
Springer.

Hoekstra, A.Y. (2003). Virtual Water Trade. Pro-
ceedings of the international expert meeting 
on Virtual Water Trade (Value of Water Re-
search Report Series No 12). IHE. Pobrano z: 
http://waterfootprint.org/media/downloads/
Report12.pdf [dostęp 05.05.2015].

Hoekstra, A.Y., Chapagain, A.K., Aldaya, M.M. i 
Mekonnen, M.M. (2011). The water footprint 
assessment manual: Setting the global stan-
dard. Abingdon, UK: Routledge.

ISO 14046:2014. Environmental management. 
Water footprint. Principles, requirements and 
guidelines.

Johnson, M.B. i Mehrvar, M. (2019). An assessment 
of the grey water footprint of winery wastewa-
ter in the Niagara Region of Ontario, Canada. 
Journal of Cleaner Production, 214, 623-632. 
https://doi.org/10.1016/j.jclepro.2018.12.311

Keeler, B.L., Polasky, S., Brauman, K.A., John-
son, K.A., Finlay, J.C., O’Neill, A., Kovacs, 
K. i Dalzell, B. (2012). Linking water 
quality and well-being for improved assess-
ment and valuation of ecosystem services. 
Proceedings of the National Academy of 
Sciences, 109(45), 18619-18624. https://doi.
org/10.1073/pnas.1215991109

Li, H., Liu, G., Yang, Z. i Hao, Y. (2016). Urban Gray 
Water Footprint Analysis Based on Input-Out-
put Approach. Energy Procedia, 104, 118-122. 
https://doi.org/10.1016/j.egypro.2016.12.021

Liu, J., Yang, H., Gosling, S.N., Kummu, M., 
Flörke, M., Pfi ster, S., Hanasaki, N., Wada, 
Y., Zhang, X., Zheng, C., Alcamo, J. i Oki, T. 
(2017). Water scarcity assessments in the past, 
present and future. Earth’s Future, 5(6), 545-
-559. https://doi.org/10.1002/2016EF000518

Martínez-Alcalá, I., Pellicer-Martínez, F. i Fernán-
dez-López, C. (2018). Pharmaceutical grey 
water footprint: Accounting, infl uence of 
wastewater treatment plants and implications 
of the reuse. Water Research, 135, 278-287. 
https://doi.org/10.1016/j.watres.2018.02.033

Mekonnen, M.M. i Hoekstra, A.Y. (2016). Four 
billion people facing severe water scarcity. 
Science Advances, 2(2), e1500323. https://
doi.org/10.1126/sciadv.1500323

Międzynarodowa Komisja Ochrony Odry przed 
Zanieczyszczeniem [MKOO] (2015). Aktu-
alizacja Planu Gospodarowania Wodami dla 
Międzynarodowego Obszaru Dorzecza Odry 
na cykl planistyczny 2016–2021. Pobrano 
z: http://mkoo.pl/Grf/MKOO2009/PGW/
PGW_2015/MKOO_Plan_MOPO_2016_
2021.pdf [dostęp 20.03.2020].

Morera, S., Corominas, Ll., Poch, M., Aldaya, 
M.M. i Comas, J. (2016). Water footprint as-
sessment in wastewater treatment plants. Jour-
nal of Cleaner Production, 112, 4741-4748. 
https://doi.org/10.1016/j.jclepro.2015.05.102

Mubako, S.T. (2018). Blue, green, and grey 
water quantifi cation approaches: A bib-
liometric and literature review. Journal of 
Contemporary Water Research & Education, 
165(1), 4-19. https://doi.org/10.1111/j.1936-
704X.2018.03289.x

Qin, X., Sun, C., Han, Q. i Zou, W. (2019). Grey 
Water Footprint Assessment from the Perspec-
tive of Water Pollution Sources: A Case Study 
of China. Water Resources, 46(3), 454-465. 
https://doi.org/10.1134/S0097807819030187

Shao, L. i Chen, G.Q. (2013). Water Footprint As-
sessment for Wastewater Treatment: Method, 
Indicator, and Application. Environmental 
Science & Technology, 47(14), 7787-7794. 
https://doi.org/10.1021/es402013t

Stejskalová, L., Ansorge, L., Kučera, J. i Vološinová, 
D. (2019). Využití indikátoru šedé vodní sto-
py k posouzení role ČOV v malém povodí. 
W 13. bienální konference Voda. 18 –
–20.09.2019 Poděbrady.



Wpływ oczyszczalni ścieków na redukcję zanieczyszczeń odprowadzanych...  135

Teodosiu, C., Barjoveanu, G., Sluser, B.R., Popa, 
S.A.E. i Trofi n, O. (2016). Environmental 
assessment of municipal wastewater dis-
charges: A comparative study of evaluation 
methods. The International Journal of Life 
Cycle Assessment, 21(3), 395-411. https://
doi.org/10.1007/s11367-016-1029-5

United Nations [UN] (2015). Transforming Our 
World: The 2030 Agenda for Sustainable 
Development. Pobrano z: https://sustaina-
bledevelopment.un.org/post2015/transform-
ingourworld/publication [dostęp dd.mm.rr].

Wada, Y., Flörke, M., Hanasaki, N., Eisner, S., 
Fischer, G., Tramberend, S., Satoh, Y., Vliet, 
M.T.H. van, Yillia, P., Ringler, C., Burek, P. 
i Wiberg, D. (2016). Modeling global water 
use for the 21st century: The Water Futures 
and Solutions (WFaS) initiative and its ap-
proaches. Geoscientifi c Model Development, 
9(1), 175-222. https://doi.org/10.5194/gmd-
9-175-2016

Zhu, Y., Jiang, S., Han, X., Gao, X., He, G., Zhao, 
Y. i Li, H. (2019). A Bibliometrics Review 
of Water Footprint Research in China: 
2003–2018. Sustainability, 11(18), 5082. 
https://doi.org/10.3390/su11185082

Streszczenie

Wpływ oczyszczalni ścieków na re-
dukcję zanieczyszczeń odprowadzanych 
w czeskiej części dorzecza Odry. Zanie-
czyszczenie wód powierzchniowych w ca-
łym dorzeczu Odry jest postrzegane jako 
poważny problem, na który znacząco wpły-
wa niewystarczający stopień oczyszczania 
ścieków w zlewniach cząstkowych w sto-
sunku do dostępnych najnowocześniejszych 
technologii i celów środowiskowych dyrek-
tywy 2000/60/WE. Do określenia wpływu 
przemysłowych i komunalnych oczyszczalni 
ścieków na redukcję odprowadzanych zanie-
czyszczeń w czeskiej części międzynarodo-
wego dorzecza Odry wykorzystano metodę 
oceny szarego śladu wodnego. W czeskiej 
części dorzecza Odry przeanalizowano dane 
z 391 oczyszczalni ścieków w latach 2004–
–2018. Uzyskane wyniki pokazują, że 
oczyszczalnie ścieków zmniejszają nawet 
o 92% szary ślad wodny, tj. ilość wody po-

trzebnej do rozcieńczenia zanieczyszczeń 
odprowadzanych do odbiornika w czeskiej 
części 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 insuffi cient degree of waste-
water treatment has been identifi ed 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 
infl uence 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, scientifi c 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 (CHBrCl2), chlorodibro-
momethane (CHBr2Cl), 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, Golfi nopoulos, 
Arhonditsis, Kolovoyiannis & Lekkas, 
2004; Baribeau et al., 2006).

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 m3 in 
a day. Each WTP utilizes chlorine to dis-
infect drinking water to keep a specifi c 
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 μg·l–1), and low-
est in spring (75 μg·l–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 μg·l–1 (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 μg·l–1 
(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 infl u-
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 purifi ca-
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, 
2006), the city has 464 resident districts 
and its area is about 1,000 km2. The styl-
ing abilities of the WTPs in Baghdad are 
3,120,000 m3 daily and the real produc-
tion is 2,504,000 m3 daily (CSO, 2013).
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Sampling and water quality 
parameters measurement

Five samples from every plant took 
monthly from January 2017 to October 
2017. The fi rst sample was raw water 
from the river to defi ne TOC and THM 
concentrations. The second sample was 
from treated water in the plant, the third, 
fourth, and fi fth 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) [μS·cm–1] 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. Cl2) [mg·l–1] 
was measured in situ using Hach Pocket 
Colorimeter II.

The measurements of water param-
eters were by the mg·l–1 unit; alkalinity 
(Alk.), total solids (TS), and chlorine 
dose (Cl2 dose) were obtained from the 
plant’s administrations and laboratories.

FIGURE 1. The study area in Baghdad
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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 
fi eld study measurements of areas close 
to seven WTPs by the Statistical Pack-
age of Social Scientists (SPSS) program 
(IBM Corporation, 2012).

The regression coeffi cient 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·l–1),
alkalinity (148.3 mg·l–1), turbidity (212.9 
NTU), total solids (604.6 mg·l–1) and 
electric conductivity (863 μSm·cm–1)
in raw water whereas residual chlo-
rine (0.85 mg·l–1) and chlorine dose of 
(3.15 mg·l–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 seasonal 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 fi ltering 
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 coeffi cient (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 signifi cant 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 OC1, 
the formation of them relies on pH. The 
OCl is formed in alkaline medium and 
HOC1 dominates in acidic solutions 
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(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 

TABLE 1. Seasonal variations of TTHM among raw, treated, and tap water [μg·l–1]

WTP
River

East Tigris Wathba Karama Qadysia Dura Wahda Rasheed
Winter

Raw water 3.5 ±2.1 4 ±1.4 4 ±1.4 4 ±2.8 5.5 ±0.7 9 ±1.4 6 ±0
Treated water 8.5 ±3.5 10.5 ±2.1 9.5 ±4.9 9.5 ±7.7 17 ±2.9 24 ±4.2 17.5 ±2
Tap water 12 ±5.6 14 ±3.5 15 ±4.2 13.5 ±10.6 22.5 ±2.1 33 ±5.6 23.5 ±2.1

Spring
Raw water 10.3 ±5.5 12 ±7 31.3 ±33.5 12 ±2.6 9.3 ±4 14 ±1.5 13.6 ±3.2
Treated water 25.6 ±10.9 28.6 ±16.7 40 ±19.7 28.3 ±5.8 25 ±8.1 39.3 ±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 25 ±3 28 ±6 28 ±2.6 22.6 ±4 25.6 ±8.9 30.3 ±2.5 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 25 ±7 21.5 ±9.2 20 ±12.7 16.5 ±4.9
Treated water 53.5 ±7.7 54.5 ±0.1 51.5 ±16.2 51.5 ±17 50 ±18.3 53 ±32.5 61 ±24
Tap water 75 ±14.4 75 ±0.3 72 ±15.5 76.5 ±26.1 71.5 ±27.5 73 ±45.2 77.5 ±29

TABLE 2. The correlation matrix of the multiple regression analysis

× THMs TOC pH Temp. Cl2 dose Alk. Tur. EC TS R. Cl2

Pe
ar

so
n 

co
rr

el
at

io
n

THMs 1
TOC 0.23 1
pH –0.31 –0.29 1
Temp. 0.06 0.87 –0.24 1
Cl2 dose 0.82 0.23 –0.35 0.04 1
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 0.31 –0.07 0.12 1
TS –0.15 –0.05 0.11 –0.18 –0.01 –0.05 0.06 0.60 1
R. Cl2 0.34 0.35 –0.3 0.35 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
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would diminish (Ye, Wang, Yang, Wei & 
Xueli, 2009). 

 Total organic carbon approved a 
signifi cant correlation with the THMs 
formation (sig. = 0.02) and (r = 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-signifi cant positive 
correlation with THMs (r = 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: Signifi cant 
positive linear correlation with residual 
chlorine (sig. = 0.00, r = 0.343) and 
electrical conductivity (sig. = 0.049, r = 
= 0.199). Signifi cant negative linear cor-
relation with alkalinity (sig. = 0.007, 
r = –0.294) and non-signifi cant negative 
linear correlation with turbidity (sig. = 
= 0.101, r = –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 (N): correlation coeffi cient (R) equal 
0.835, coeffi cient of determination (R2) 
– 0.727, adjusted coeffi cient of determi-
nation (adj. R2) – 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)0.137, (Temp.)–0.296, 
(Tur.)–0.09, (Alk.)0.126, (pH)–0.214, 
(EC)0.052, (TS)–0.723, (Cl2 dose)2.427, 
(R. Cl2)–0.246. Where THMs in μg·l–1, 
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time in min, residual Cl2 in mg·l–1, tem-
perature in °C, TOC in mg·l–1, turbidity 
in NTU, alkalinity in mg·l–1, total sol-
ids in mg·l–1, electrical conductivity in 
μSm·cm–1 and chlorine dose in mg·l–1.

The previous mathematical model 
can be simplifi ed by using backward 
stepwise log-linear multiple regression 
analysis, which excludes the non-infl u-
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 coeffi cient (R) 
equal 0.842, coeffi cient of determination 
(R2) – 0.709, adjusted coeffi cient of de-
termination (adj. R2) – 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)0.119, (Temp.)–0.553, (Tur.)–0.130, 
(TS)–0.625, (Cl2 dose)2.169.

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

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 fi eld 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 purifi ca-
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 μg·l–1 
in winter and summer consecutively, with 
a mean concentration of 60 μg·l–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 (r = 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 fl ows 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 fl ows 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 
fl ows 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 fl ow 
line (stochastic models) to include the 
minimum of the spectrum of the fl uctuat-
ing fl ow. 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 fi rst three heads of the 
desired stream, namely the rate, standard 
deviation and correlation coeffi cient 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 fl owing 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 profi les. 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 fl ow 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 fl ooding.

Pereira, Oliveira, Costa and Kelman 
(1984) developed a model for generating 
monthly fl ows 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 fl oods. 
The authors’ research was referenced 
for this work to study the autoregressive 
moving average model – ARMA (1,1), 
data to generate monthly fl ow. Naggar 
(1999) used the Thomas–Fiering and 
ARMA (1,1) models to generate month-
ly fl ows for a time series covering about 
700 years for fi ve 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 fl ow for the two stations of 
Asakkalak and Mankoba on the Al-Azb, 
Al-Aalaa and the Khazir rivers, respec-
tively, as examples of permanent fl ow-
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 confi rms the 
relative conformity of the statistical fea-
tures that have been calculated with the 



Stochastic analysis for prediction of future performance of Mosul storage 147

generated fl ow data. The results conform 
with their counterparts returning to the 
observed fl ow data, ensuring the model 
is appropriate and reliable in generating 
new fl ow 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 confl ict 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 
confl icts, 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 defi ned 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 fi ndings 
from the use of an optimal fi nancial model 
for such a framework demonstrated that 
infl ux of renewable energy could be ex-
panded by 1.93% (52.55 GWh·year–1) 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 m3 
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 confi gura-
tion might be essential for the technical 
and fi nancial 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) 
defi nition 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 profi ts.

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 km2, 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 Iraq, generating hydropower, control-
ling fl oods, 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 effi cient 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 fl ow 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 fl ow chains to the unit of the system 
was performed.
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Stochastic model

Kottagoda (1980) declared many sto-
chastic models, such as Markov, ARMA 
and ARIMA of different ranks. However, 
the diffi culty 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 fl ows for many rivers 
(Thomas & Feiring, 1962). The Tho-
mas–Fiering model is considered one of 
the images of the Markov model from 
the fi rst rank. Clarke (1984) has recom-

mended using this method when mod-
elling the time series in river fl ow 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 fl ow coming into the units of 
the Mosul storage system, where Equa-
tion (1) shows the mathematical formula 
for this model.

2 0.5
1 1 1( ) (1 )i j j i j i j jQ Q b Q Q t r

 

 (1)
where:
Qi+1 – fl ow in month i +1,

1jQ  – average of fl ow in month j + 1,
bj – gradient of line between the fl ow in 
month j + 1 and the fl ow in month j,
Qi – fl ow in month i,
jQ  – average of fl ows in month j,

ti – normal random function,

FIGURE 1. The storage system units using the technology (Simulink)



150 N.J.H. Al-Mansori, T.J.M. Al-Fatlawi, N.Y. Othman

σj+1 – standard deviation for fl ows in 
month j + 1,
rj

2 – correlation coeffi cient between 
fl ows of months j and j + 1.

Also, note that most (if not all) sto-
chastic models used to generate fl ows 
are based on the hypothesis that observed 
fl ows used to build the model are subject 
to a normal distribution. Thus, this con-
dition must be verifi ed 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 
fl ows into a distribution (Clarke, 1984). 
This transformation is used here and giv-
en by the following equation:

( 1)t
t

XY  (2)

where:
Yt – monthly fl ow after transforming to 
a normal distribution,
2
tX  – observed monthly fl ow,

λ − 1 ≤ λ ≤ 1.

Observed and registered fl ows 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 fl ow 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 
fl ow 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 
coeffi cient and regression coeffi cient 
between every two consecutive months. 
Simulink techniques were used for rep-
resenting the Thomas–Fiering model de-

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 fi t in the generation 
of monthly fl ow strings, the SPSS.10 
program was used to calculate the four 
main statistical parameters. The fi rst was 
for the observed fl ow (average, standard 
deviation, the correlation coeffi cient be-
tween two consecutive months and the 
skewness coeffi cient). 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 
clarifi cation.

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

Evaluating the performance 
of the system using the observed fl ows 
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 R1
2 R2

2 SC1 SC2 ST1 ST2 AV1 AV2

Oct. 0.363 0.344 2.3379 1.3545 226.22 983.38 481.84 493 380
Nov 0.432 0.592 2.8357 2.6121 411.03 455.33 727.13 770 379
Dec. 0.412 0.636 2.7638 2.3848 794.95 803.37 1 152.59 933 68
June 0.677 0.585 1.7181 1.5779 875.96 887.37 1 464.26 1 440.34
Feb. 0.556 0.5 1.0486 0.8939 848.67 843.33 1 873.19 1 851.33
March 0.586 0.595 1.6432 1.6001 1489.44 3 793.86 3 146.29 3 159.31
April 0.808 0.771 0.8721 0.9183 1738.72 7 883.13 4 507.54 4 499.38
May 0.910 0.909 1.0220 1.0145 1834.65 8 533.71 4 072.24 4 173.38
June 0.951 0.951 0.7860 0.9374 721.77 734.31 1 754.59 1 756.39
July 0.926 0.926 0.6121 0.7296 278.26 886.30 772.47 770.31
Aug. 0.960 0.957 0.6792 0.5279 141.78 403.41 447.25 445.30
Sep. 0.081 0.173 0.8131 0.5418 104.34 103.51 362.66 361.39

R1
2 – correlation coeffi cient between generated fl ow and the fl ow of next month; R2

2 – correlation coef-
fi cient between observed fl ow and the fl ow of next month; SC1 – skewness coeffi cient for generated 
fl ows; SC2 – skewness coeffi cient for observed fl ows; ST1 – standard deviation for generated fl ows; 
ST2 – standard deviation for observed fl ows; AV1 – average for generated fl ows; AV2 – average for 
observed fl ows.
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was to identify the capacity generated 
from the reservoir using the observed 
fl ow and the generated fl ow chains. The 
simulation model was run eleven times. 
In the fi rst stage, the model was run us-
ing the observed incoming and outgoing 
fl ows 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 fl ow 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 

in effi ciently generating the expected 
hydroelectric power from the system. 
The theoretical potential for generating 
hydroelectric power of the conductor 
reservoir is 2.4 × 106 MW·h–1 for one 
year. This fi gure 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

Simulink technologies provided by 
MATLAB software are considered 
modern technologies, successfully 
used in many different engineering 
fi elds. The model performed well 
in simulating the water storage sys-
tem as well as in building the Tho-
mas–Fiering Model for generating 
expected fl ow data.
Findings revealed that the fl ow 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.
At 1.5 GW, the storage system of the 
Mosul reservoir covers a signifi cant 
percentage of the overall electric-
ity supply in Iraq, particularly at the 
present time.

1.

2.

3.

TABLE 2. Average annual energy from Mosul re-
servoir using observed fl ows from 1931–2015

Specifi cation Flow [MW·h–1]
Observed 2 370 588
1st generation chain 2 308 676 
2nd generation chain 2 312 353
3rd generation chain 2 280 735
4th generation chain 2 501 470
5th generation chain 2 388 529
6th generation chain 2 375 147
7th generation chain 2 386 323
8th generation chain 2 328 970
9th generation chain 2 363 382
10th generation chain 2 330 147
Average of all 2 357 573
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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 infl ow time series. The Thomas–Fier-
ing model was chosen for this reason, which 
provided a wide range of data sources (in-

fl ows) 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–1. 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 signifi cant.
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Introduction

Water is well known as the main 
constituent of Earth’s streams, lakes, and 
oceans, and the fl uids 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 confi ned 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 signifi cant 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-
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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 infl uences 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 infl uence of the envi-
ronment (Glińska-Lewczuk, 2006; Nas, 
Bayram, Nas & Bulut, 2008; Kašiarová 
& Feszterová, 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 fi nding 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 fi nd 
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 
defi ne 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 
fl ood 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 
fi ve 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 km3) in Sulaymaniyah city in 
Iraq (Frenken, 2009). The river basin of 
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21,475 km2 generates about 7.17 km3, of 
which 5.07 km3 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 fl uctuates 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 fi rst 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). 

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 fi elds 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 confi ned between LZ2 and 
LZ3. The main problem that cause pollu-
tion in the Lower Zab river are from the 

 
FIGURE 1. Location of stations on the Lower Zab 
river
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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 (PO4), nitrate 
(NO3), calcium (Ca), magnesium (Mg), 
total hardness (TH), potassium (K), so-
dium (Na), sulfates (SO4), 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 fi ve 
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).

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 
for Soft Drink Juices Water

− treated sewage water
− untreated industrial wastewater C
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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 fi ve 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), fi ve-day biochemical oxygen 
demand (BOD5), 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 diffi cult to fi nd 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 
classifi cation 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:

actual ideal

standard ideal
100i

Q QQ
Q Q

−
=

−
 (1)

1
n

i iiNSF WQI W Q==  (2)

where:
Qi – sub-index for ith water quality 
parameter,
n – number of water quality parameter,
Wi – weight (in terms of importance) asso-
ciated with ith 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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terson & Khan, 2004). It is based on a 
formula developed by the British Co-
lumbia Ministry of Environment, Lands 
and Parks and modifi ed by Alberta Envi-
ronment (CCME, 2001). This index has 

been extensively used in water quality 
studies because its fl exibility 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., 

TABLE 2. NSF WQI parameters and weights (Ott, 1978; Kumar & Alappat, 2009; Batabyal & Chakra-
borty, 2015; Ewaid et al., 2018)

Parameter Unit
Assigned 

weight 
(wi)

Relative 
weight 

Standard Reference

pH – 4.33 0.0894 6.5–8.5 –
Dissolved oxygen (DO) 

mg·l–1

4.59 0.0947 4.0–6.5 –
Five-day biochemical oxygen 
demand (BOD5) 3.88 0.0801 3 WHO, 2017

Phosphates (PO4) concentration 3.89 0.0803 0.4 IQS 417, 2009
Nitrate (NO3) concentration 3.8 0.0784 1 –
Calcium (Ca) concentration 1.96 0.0405 25 –
Magnesium (Mg) concentration 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 IQS 417, 2009
Chlorides (Cl) concentration 3.43 0.0708 250 –
Total dissolved solids (TDS) 3.63 0.0749 450 –
Electrical conductivity (EC) μS·cm–1 3.22 0.0665 1 600 –
Alkalinity (ALK) mg·l–1 3.13 0.0646 250 WHO, 2017
Turbidity (TRUB) NTU 3.47 0.0716 5 –

1

i
i n

i

wW
w

=

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
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2017). The CCME WQI model consists 
of three factors: 

Scope: represents the number of 
variables that do not meet their 
objectives.
Frequency: represents the number of 
times these objectives are not met.
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 F1. This rep-
resents the number of variables whose 
value does not match the objectives over 
the study time period.

1 100number of failed variablesF
total number of variables

=

  

 (3)
The measure for frequency is F2. 

This represents the failed tests which is 
the percentage of individual tests that do 
not meet objectives.

2 100number of failed testsF
total number of tests

=  (4)

The measure for amplitude is F3. 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 

1.

2.

3.

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

100failed test valueexcursion
guidelinevalue

=  (5)

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

1guidelinevalueexcursion
failed test value

= −  (6)

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

1
n
i excursionnse

number of tests
 (7)

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

3 0.01 0.01
nseF

nse
=

+
 (8)

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

2 2 2
1 2 3100

1.732
F F F

WQI
+ +

= −  (9)

then the value of water quality can be 
ranked by relating it to one of the fi ve 
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), fi ve-day biochemi-
cal oxygen demand (BOD5), total dis-
solved solids (TDS), total hardness (TH), 
electrical conductivity (EC), alkalinity 
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(ALK), concentration of: nitrate (NO3), 
phosphorus (PO4), calcium (Ca), mag-
nesium (Mg), sulfates (SO4), potassium 
(K), sodium (Na), and chlorides (Cl).

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 PO4, NO3, Ca, Mg, K, Na, 
SO4, 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 

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

FIGURE 2. Trend of calcium, magnesium, total hardness, sulfates, TDS, EC, alkalinity, and turbidity 
for LZ2 station

FIGURE 3. Trend of pH, dissolved oxygen, BOD, phosphates, nitrate, potassium, sodium, and chlori-
des for LZ2 station



Assessment of Lower Zab river water quality using both Canadian Water... 163

of the river by fi nding 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 refl ects 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-

FIGURE 4. Trend of calcium, magnesium, total hardness, sulfates, TDS, EC, alkalinity, and turbidity 
LZ3 station

FIGURE 5. Trend of pH, dissolved oxygen, BOD, phosphates, nitrate, potassium, sodium, and chlori-
des for LZ3 station
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ritation. If the pH is less than 6.5 water 
produce sour taste and classifi ed 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 (O2) 
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 mg·l–1, and for drinking pur-
poses it is 6 mg·l–1 (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·l–1, 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 
mg·l–1. 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 mg·l–1 is 
accepted and should not exceed 6 mg·l–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 fl owing into river body.

Total hardness values were all in 
the range of the permissible limits, the 
minimum value of (150 mg·l–1) recorded 
in December (2013) and the maximum 
(235 mg·l–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 fi sh 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·l–1, which is within the 
recommended value of 500 mg·l–1 by 
the CCME (2001) and the WHO (2017) 
standards for water quality and specifi ca-
tion limit for drinking water. 

The electrical conductivity varies 
from 221.5 to 432 μS·cm–1; and it is lies 
within the standards of drinking water. 

The total alkalinity of water in this 
study ranged from 117 to 210 mg·l–1, 
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 
IQS 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·l–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·l–1. All the data does not within the 
objective values suggested by the CCME 
(2001) for drinking water which is 25 
mg·l–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·l–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·l–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 classifi ed 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 

FIGURE 6. Water Quality Index (WQI) at LZ2 station

FIGURE 7. Water Quality Index (WQI) at LZ3 station
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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.

References 

Akoto, O. & Adiyiah, J. (2007). Chemical analysis 
of drinking water from some communities in 
the Brong Ahafo region. International Jour-
nal of Environmental Science & Technology, 
4(2), 211-214.

Al-Adawi, M.S. (2005). Water supply engineer-
ing. Alexandria: Alexandaria University 
Engineering College.

Alam, Md.J.B., Islam, M.R., Muyen, Z., Ma-
mun, M. & Islam, S. (2007). Water quality 
parameters along rivers. International Jour-
nal of Environmental Science & Technol-
ogy, 4(1), 159-167. https://doi.org/10.1007/
bf03325974

Al-Ansari, N. (2016). Hydro-politics of the Tigris 
and Euphrates basins. Engineering, 8(3), 140-
-172. https://doi.org/10.4236/eng.2016.83015

Al-Heety, E.A.M., Turki, A.M. & Al-Othman, 
E.M. (2011). Assessment of the water quality 
index of Euphrates river between Heet and 
Ramadi cities, Iraq. International Journal of 
Basic & Applied Sciences, 11(6), 38-47.

Al-Mutairi, N., Abahussain, A. & El-Battay, A. 
(2014). Application of Water Quality Index 
to assess the environmental quality of Kuwait 
Bay. In AABES-2014: International Confer-

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



168 S.M. Ahmed et al.

ence on Advances in Agricultural, Biological 
and Environmental Sciences. Dubai, UAE, 
15-16.10.2014. Dubai: AABES-2014.

Alobaidy, A.H.M.J, Abid, H.S. & Maulood, B.K. 
(2010). Application of Water Quality Index 
for assessment of Dokan lake ecosystem, 
Kurdistan Region, Iraq. Journal of Water 
Resource and Protection, 2(9), 792-798. 
https://doi.org/10.4236/jwarp.2010.29093

Ameen, H.A. (2019). Spring water quality assess-
ment using water quality index in villages 
of Barwari Bala, Duhok, Kurdistan Region, 
Iraq. Applied Water Science, 9(8), 176. 
https://doi.org/10.1007/s13201-019-1080-z

American Public Health Association [APHA] 
(1995). Standard Methods for the Examina-
tion of Water and Wastewater. 19th ed. New 
York: APHA.

Aydin, A. (2007). The microbiological and 
physico-chemical quality of groundwater in 
West Thrace, Turkey. Polish Journal of Envi-
ronmental Studies, 16(3), 377-383.

Bangladesh Center for Advance Studies [BCAS] 
(2000). Pollution study, management of 
aquatic ecosystem through community hus-
bandry (MACH). Dhaka, Bangladesh: Bang-
ladesh Center for Advance Studies.

Batabyal, A.K. & Chakraborty, S. (2015). Hy-
drogeochemistry and Water Quality Index 
in the assessment of groundwater quality for 
drinking uses. Water Environment Research, 
87(7), 607-617. https://doi.org/10.2175/
106143015x14212658613956

Brown, R.M., McClelland, N.I., Deininger, R.A. 
& Tozer, R.G. (1970). A water quality index: 
do we dare? Water and Sewage Works, 117, 
339-343.

Canadian Council of Ministers of the Environ-
ment [CCME] (2001). Canadian water qual-
ity guidelines for the protection of aquatic 
life: CCME Water Quality Index 1.0. User’s 
Manual. Winnipeg: CCME.

Chang, H. (2005). Spatial and temporal varia-
tions of water quality in the Han river and its 
tributaries, Seoul, Korea, 1993–2002. Water, 
Air, and Soil Pollution, 161(1), 267-284. 
https://doi.org/10.1007/s11270-005-4286-7

Damo, R. & Icka, P. (2013). Evaluation of Water 
Quality Index for drinking water. Polish 
Journal of Environmental Studies, 22(4), 
1045-1051.

Davie, T. & Quinn, N.W. (2019). Fundamentals of 
hydrology. Abingdon: Routledge.

De, A.K. (2003). Environmental chemistry. New 
Delhi: New Age International.

Ebuete, A.W. & Ebuete, I.Y. (2018). Water quality 
of Kolo Creek in Bayelsa State by means of 
Water Quality Index for missing parameters. 
International Journal of Innovative Research 
and Advanced Studies, 5(8), 53-60.

Eulisse, E. (2010). Challenges in water resources 
management. Venezia, Italy: Marie Curie 
Training Course.

Ewaid, S.H. & Abed, S.A. (2017). Water qual-
ity index for Al-Gharraf river, southern Iraq. 
The Egyptian Journal of Aquatic Research, 
43(2), 117-122. https://doi.org/10.1016/
j.ejar.2017.03.001

Ewaid, S.H., Abed, S.A. & Kadhum, S.A. (2018). 
Predicting the Tigris river water quality 
within Baghdad, Iraq by using water quality 
index and regression analysis. Environmen-
tal Technology & Innovation, 11, 390-398. 
https://doi.org/10.1016/j.eti.2018.06.013

Frenken, K. (2009). Irrigation in the Middle 
East region in fi gures. Rome: FAO Water 
Reports.

Fulazzaky, M.A. (2009). Water quality evaluation 
system to assess the Brantas river water. Water 
Resources Management, 23(14), 3019-3033. 
https://doi.org/10.1007/s11269-009-9421-6

Glińska-Lewczuk, K. (2006). Effect of land use 
and lake presence on chemical diversity of 
the Łyna river system. Polish Journal of 
Environmental Studies, 15(2), 259-269.

Gupta, N., Pandey, P. & Hussain, J. (2017). Ef-
fect of physicochemical and biological 
parameters on the quality of river water of 
Narmada, Madhya Pradesh, India. Water Sci-
ence, 31(1), 11-23. https://doi.org/10.1016/
j.wsj.2017.03.002

Gupta, P., Vishvakarma, M. & Rawtani, P.M. 
(2009). Assesment of water quality param-
eters of Kerwa Dam for drinking suitability. 
International Journal of Theoretical & Ap-
plied Sciences, 1(2), 53-55.

Horton, R.K. (1965). An index number system 
for rating water quality. Journal of the Water 
Pollution Control Federation, 37(3), 300-
-305.

House, M.A. & Ellis, J.B. (1987). The develop-
ment of water quality indices for operational 



Assessment of Lower Zab river water quality using both Canadian Water... 169

management. Water Science and Technol-
ogy, 19(9), 145-154. https://doi.org/10.2166/
wst.1987.0076

IQS 417 (2009). Iraqi criteria and standards for 
drinking water, chemical limits. In ICS 
13.060.20. Drinking water.

Jabar, R.A.A. (2008). Effects of some physical 
and chemical factors of Lower Zab water on 
Tigris river. Tikrit Journal of Pure Science, 
13(1), 132-142.

Kašiarová, S. & Feszterová, M. (2010). Changes 
in stream water contamination in select Slo-
vakian settlements. Polish Journal of Envi-
ronmental Studies, 19(2), 343-349. 

Kassim, T.I., Sabri, A.W. & Salman, M.S. (2007). 
The limnological effects of river lesser-Zab 
on Tigris river, Iraq. Um-Salama Science 
Journal, 4(3), 452-457.

Khan, A.A., Paterson, R. & Khan, H. (2004). 
Modifi cation and application of the Canadian 
Council of Ministers of the Environment 
Water Quality Index (CCME WQI) for the 
communication of drinking water quality 
data in Newfoundland and Labrador. Water 
Quality Research Journal, 39(3), 285-293. 
https://doi.org/10.2166/wqrj.2004.039

Khan, A.A., Tobin, A., Paterson, R., Khan, H. & 
Warren, R. (2005). Application of CCME 
procedures for deriving site-specifi c water 
quality guidelines for the CCME Water Qual-
ity Index. Water Quality Research Journal, 
40(4), 448-456. https://doi.org/10.2166/
wqrj.2005.047

Khan, H., Khan, A.A. & Hall, S. (2005). The 
Canadian Water Quality Index: a tool for 
water resources management. In MTERM In-
ternational Conference. Bangkok, Thailand, 
6-10.06.2005. Thailand. Bangkok: AIT.

Kliot, N. (2005). Water resources and confl ict in 
the Middle East. Abington: Routledge.

Kumar, D. & Alappat, B.J. (2009). NSF-Water 
Quality Index: does it represent the experts’ 
opinion? Practice Periodical of Hazardous, 
Toxic, and Radioactive Waste Manage-
ment, 13(1), 75-79. https://doi.org/10.1061/
(ASCE)1090-025X(2009)13:1(75)

Kumari, B.L., Sudhakar, P., Sri, M.H. & Sree, 
K.P.N.V.S. (2011). Analysis of physico-
chemical parameters of water quality in and 
around Saltpans of Prakasam (Dt.) A.P. Jour-
nal of Ecobiotechnology, 3(10), 1-6.

Lumb, A., Halliwell, D. & Sharma, T. (2006). 
Application of CCME Water Quality Index 
to monitor water quality: a case study of the 
Mackenzie river basin, Canada. Environ-
mental Monitoring and Assessment, 113(1), 
411-429. https://doi.org/10.1007/s10661-
005-9092-6

Mahagamage, M.G.Y.L. & Manage, P.M. (2014). 
Water Quality Index (CCME-WQI) based 
assessment study of water quality in Kelani 
river basin, Sri Lanka. The 1st Environment 
and Natural Resources International Confer-
ence. Bangkok, Thailand, 6-7.11.2014.

Mena-Rivera, L., Salgado-Silva, V., Benavides-
-Benavides, C., Coto-Campos, J.M. & Swin-
scoe, T.H.A. (2017). Spatial and seasonal 
surface water quality assessment in a tropical 
urban catchment: Burío River, Costa Rica. 
Water, 9(8), 558. https://doi.org/10.3390/
w9080558

Michalski, R. & Kurzyca, I. (2006). Determina-
tion of nitrogen species (nitrate, nitrite and 
ammonia ions) in environmental samples by 
ion chromatography. Polish Journal of Envi-
ronmental Studies, 15(1), 5-18.

Munna, Md.G., Chowdhury, M., Ahmed, A.A., 
Chowdhury, S. & Alom, Md.M. (2013). A 
Canadian Water Quality Guideline-Water 
Quality Index (CCME-WQI) based assess-
ment study of water quality in Surma river. 
Journal of Civil Engineering and Construc-
tion Technology, 4(3), 81-89. https://doi.
org/10.5897/JCECT12.074

Nas, S.S., Bayram, A., Nas, E. & Bulut, V.N. 
(2008). Effects of some water quality pa-
rameters on the dissolved oxygen balance 
of streams. Polish Journal of Environmental 
Studies, 17(4), 531-538.

Nollet, L.M.L. (ed.) (2004). Handbook of water 
analysis. Boca Raton: CRC Press.

Ott, W.R. (1978). Water Quality Index. A survey of 
indices used in the United States. Washing-
ton: Environmental Protection Agency. 

Panduranga Murthy, G., & Hosmani, S.P. (2009). 
Water Quality Index (WQI) to evaluate sur-
face water quality for protection of aquatic 
life: a case study: Bherya Lake, Mysore, 
Karnataka State, India. 13th World Lake 
Conference. Wuhan, China, 01-05.11.2009.

Phadatare, S.S. & Gawande, S. (2016). Review 
paper on development of Water Quality 



170 S.M. Ahmed et al.

Index. International Journal of Engineering 
and Technical Research, 5(5), 765-767.

Rabee, A.M., Abdul-Kareem, B.M. & Al-Dhamin, 
A.S. (2011). Seasonal variations of some 
ecological parameters in Tigris river water 
at Baghdad Region, Iraq. Journal of Water 
Resource and Protection, 3(4), 262-267.

Rajankar, P.N., Gulhane, S.R., Tambekar, D.H., 
Ramteke, D.S. & Wate, S.R. (2009). Water 
quality assessment of groundwater resources 
in Nagpur Region (India) Based on WQI. E-
-Journal of Chemistry, 6(3), 905-908. https://
doi.org/10.1155/2009/971242

Reza, R. & Singh, G. (2010). Assessment of 
ground water quality status by using Water 
Quality Index Method in Orissa, India. World 
Applied Sciences Journal, 9(12), 1392-1397.

Saeedrashed, Y. & Guven, A. (2013). Estimation 
of geomorphological parameters of lower 
Zab river-basin by using GIS-based remotely 
sensed image. Journal of Water Resource 
Management, 27(1), 209-2019.

Schultz, M.T. (2001). A critique of EPA’s index 
of watershed indicators. Journal of Environ-
mental Management, 62(4), 429-442. https://
doi.org/10.1006/jema.2001.0451

Shahin, M. (2007). Water resources and hydro-
meteorology of the Arab Region. Dordrecht: 
Springer Netherlands.

Shiklomanov, I. (1993). World fresh water re-
sources. In P. Gleick (ed.), Water in crisis: a 
guide to the world’s fresh water resources (pp. 
13-24). Oxford: Oxford University Press.

Srivastava, G. & Kumar, P.R. (2013). Water Qual-
ity Index with missing parameters. Interna-
tional Journal of Research in Engineering 
and Technology, 2(4), 609-614. https://doi.
org/10.15623/ijret.2013.0204035

Turner, R.E. & Rabalais, N.N. (2003). Linking 
landscape and water quality in the Mississippi 
river basin for 200 years. BioScience, 53(6), 
563-572. https://doi.org/10.1641/0006-
3568(2003)053[0563:llawqi]2.0.co;2

Tyagi, S., Sharma, B., Singh, P. & Dobhal, R. 
(2013). Water quality assessment in terms of 
Water Quality Index. American Journal of 
Water Resources, 1(3), 34-38.

Verma, S.R., Sharma, P., Tyagi, A., Rani, S., 
Gupta, A.K. & Dalela, R.C. (1984). Pollu-
tion and saprobic status of Eastern Kalinadi. 
Limnologia (Berlin), 15, 69-133.

Witek, Z. & Jarosiewicz, A. (2009). Long-term 
changes in nutrient status of river water. Pol-
ish Journal of Environmental Studies, 18(6), 
1177-1184.

World Health Organization [WHO] (2001). WHO 
World Water Day Report. Geneva: WHO.

World Health Organization [WHO] (2017). 
Guidelines for drinking water quality. Ge-
neva: WHO.

Yang, Y.S. & Wang, L. (2010). Catchment-scale 
vulnerability assessment of groundwater pol-
lution from diffuse sources using the DRAS-
TIC method: a case study. Hydrological Sci-
ences Journal, 55(7), 1206-1216. https://doi.
org/10.1080/02626667.2010.508872

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 signifi cant 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.e. 

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 classifi ed 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 fi rstly 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 fi rst 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.
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FIGURE 1. Location of the studied area

TABLE 1. Parameters international standards

Drinking 
parameters

Drinking 
standards

(EPA, 2004)

Irrigation 
parameters

Irrigation 
standards

(EPA, 2004)

Livestock
parameters

Livestock 
standards

(WHO, 2003)
Ca2+ 75 mg·l–1 Na+ 200 mg·l–1 TDS 10 000 mg·l–1

Mg2+ 100 mg·l–1 HCO3
– 350 mg·l–1 EC 12 500 mg·l–1

Na+ 200 mg·l–1 SAR 15 meq·l–1 pH 6.5–8.5
HCO3

– 400 mg·l–1 Cl– 250 mg·l–1 NO3
– 440 mg·l–1

SO4
2– 250 mg·l–1 B 0.7 mg·l–1 SO4

2– 250 mg·l–1

Cl– 250 mg·l–1 TDS 1 750 mg·l–1 × ×
NO3

– 10 mg·l–1 pH 6.5–8.5 mg·l–1 × ×
TDS 500 mg·l–1 EC 2 700 μhos·cm–1 × ×
pH 6.5–8.5 × × × ×
EC 2 000 μhos·cm–1 × × × ×
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TABLE 2. Studied wells parameter’s data

Well
Depth Ca Mg Cl Na SAR SO4 HCO3 NO3 TDS EC pH

m mg·l–1 meq·l–1 mg·l–1 μhos·cm–1 -
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 1 890 3 270 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 30.9 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 42.9 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 27.3 32.2 5.0 7.8 0.24 21.8 226 3.1 355 468 7.0
11 156 32.1 24.3 18.9 52.0 1.68 35.4 273 2.7 455 577 7.8
12 168 90.0 52.6 40.0 26.0 0.53 44.2 478 3.14 769 863 7.1
13 160 46.5 12.6 2.0 14.0 0.46 6.0 219 3.89 334 353 6.9
14 150 62.6 4.87 3.0 15.0 0.48 10.3 224 2.75 326 335 7.1
15 150 27.3 34.1 3.0 21.0 0.63 11.7 258 2.19 368 393 7.2
16 150 57.8 21.4 3.0 6.0 0.17 21.2 258 1.50 387 446 8.1
17 180 59.4 61.4 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 1 890 7.6
19 152 35.3 41.4 12.0 11.0 0.29 55.7 248 1.59 405 527 7.8
20 123 32.0 28.0 18.0 34.0 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 15.0 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 34.0 254 2.0 272 377 7.8
26 104 28.0 29.0 4.0 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 1 450 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 fi rstly by McDuffi e 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: 
Qr = Ci / S. Summation of the sun-indi-
ces gives the fi nal index. This fi nal index 
classifi es water quality into fi ve catego-
ries: 0–25 excellent, 26–50 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 fi nally extracting 
the fi nal map (Esri, 2016). Maps of each 
purpose were created by ArcGIS, as in 
Figures 2, 3 and 4.
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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 
is 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 fi eld”, “Calcu-
lated fi eld”, 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 fi nal map is created by using 
union tool within GIS overlay mapping 
tools, as clarifi ed in Figures 5 and 6. TA
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TABLE 5. Tripych livestock results, CR = 0.0204

TDS EC pH NO3 SO4
Row 
total

Relative 
importance

Scaled 
importance

1 TDS 1 2 4 3 3 13.00 37.96% 5.00
2 EC 1/2 1 3 2 2 8.50 24.82% 3.27
3 PH 1/4 1/3 1 0.5 0.5 2.58 7.54% 1.00
4 NO3 1/3 1/2 2 1 0.5 4.33 12.65% 1.67
5 SO4 1/3 1/2 2 2 1 5.83 17.03% 2.25

TABLE 6. GWQIs of each purpose

Well Drinking
Index DGWQ Irrigation

Index IGWQ Livestock 
Index LGWQ

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 22.2 excellent
5 36 good 21.2 excellent 18.5 excellent
6 39.6 good 45.3 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 32.3  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 22.4 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 24.3 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 31.3 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 23.4 excellent 16 excellent 10.5 excellent
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FIGURE 2. Drinking water suitability classes

TABLE 6 cont.

Well Drinking
Index DGWQ Irrigation

Index IGWQ Livestock 
Index LGWQ

27 38.3 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 27.4  good 11.1 excellent

 

FIGURE 3. Irrigation water suitability classes
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This map shows that the fi rst 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 

FIGURE 4. Livestock suitability classes

FIGURE 6. The fi nal map
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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 
identifi es water quality in the study area 
and is considered as a database for future 
agricultural and developmental projects. 
The fi nal map illustrates that GWQ can 
be classifi ed 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 benefi cial 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 fi nal map classifi es 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.
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Introduction

Both as an air pollutant and as a sig-
nifi cant in atmospheric chemistry, the 
CO is an effi cient 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) specifi cation 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 
(CH4) 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 CH4 and O3 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 quantifi cation 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 μm spectral band to increase the ver-
tical information content of profi les 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 fi re emission and bio-
mass burning. Parameters deduced from 
satellite data include aerosol index, fi re 
counts, biomass density, and fi re counts. 
Using these parameters from satellite 
data, the CO emission has been indi-
rectly estimated from vegetation fi res 
(Rajab, Jafri, Lim & Abdullah, 2012). 
The Aqua satellite put to space aboard 
Aqua satellite by the NASA on 4 May 
2002 provide vertical profi les of the at-
mosphere with a nadir 45 km fi eld-of-
-regard (FOR) across a 1650 km swath. 
The AIRS have wide spectral coverage 
(3.7–16 μm with 2,378 channels) com-
prises spectral features of O3, CH4, CO, 
and CO2. 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 
μm (2,180–2,220 cm–1) 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) profi le 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 fi ve 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.
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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 
km2 by 18 states; it is the 58th biggest 
country in the world (Faten, 2018; Al-
-Salihi, Rajab & Salih, 2019).

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

Northern Region bounded by longi-
tudes 43.09 and 43.50° E, and lati-
tudes 34.11 and 36.19° N.

a)

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

Acquisition and specifi cation

The data used in this study was 
acquired from AIRS Level-3 (L3) as-
cending data (NASA Earthdata, 2019). 
Generally, ascending granules L3 data 

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 

b)

c)

d)

 
FIGURE 1. The geographical attribute of study area (Rajab, Ahmed, & Moussa, 2013)
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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 diffi culty in 
obtaining the monthly ground CO data, 
due to Iraq circumstances, only Bagh-
dad station CO data were collected from 
Iraqi Meteorological Offi ce 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 = Â0 + Â1xi + εi

where:
(xi, yi), i = 1, …, n – response and ex-
ploratory variables sample values,
Â0 – intercept parameter,
Â1 – slope parameter, 
εi – 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 fi rst step is monthly basis 
fi le 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 fi ve 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 fi rst analysis for the data showed 
that there is signifi cant 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 
[m]

Pressure 
[hPa]

Station Longitude Latitude0 13 500 155.625 
1 11 000 253.5 
2 8 500 351 Baghdad 44.36 E 33.31 N
3 5 820 505.25 Mosul 43.16 E 36.35 N
4 3 100 706 Basra 47.78 E 30.50 N
5 1 450 850 Al Fakka 47.30 E 32.10 N
6 750 930 Maysan 47.10 E 31.50 N
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March over all fi ve locations. Figure 2 
illustrates monthly troposphere CO from 
January to December 2012 for fi ve 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) 

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 fl at 
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 
fi elds 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 fl uctuations 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 

FIGURE 3. The ground station CO (solid line) and AIRS CO values (dotted line) in 2012 for the 
Baghdad stations
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yielded the strong correlation coeffi cient 
(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 effi cien-
cy during winter season (Xiong et al., 
2008). In addition, the asset values of R2 
was 0.925, and the coeffi cient of the re-

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-

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

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 magnifi ed 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 profi les 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 signifi cant 
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 vertical 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 infl uence of 
the northward and eastward winds dur-
ing this period, which bring favorable 
CO from Europe, coincides with moder-
ate infl uence 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 Iraq. 
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 signifi cantly observed between 
two seasons, the winter and summer. 
The lowest CO measurements observed 
of approximately 88–90 ppbv at 253 mb 
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(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 

 
FIGURE 6. Monthly mean January to December 2012 CO vertical profi les over fi ve locations: Baghdad 
(solid line), Basrah (dotted line), Maysan (dashed line), Al Fakka (solid-dotted line), and Mosul (long-
-dashed line)
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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 fi elds 
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 fi ve 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 coeffi cient (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, 
Singh, 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 infl uenced 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).

–

Literature review

There many from studies to fi nd 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 fl uctuate 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 

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

a b c 
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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 fl uid 
instability found in thermally stratifi ed 
atmospheres in which a colder fl uid 
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 is 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–1 indicates instability and an increas-
ing possibility of thunderstorms and hail. 
Often exceed the potential energy values 
in the thunderstorms 1,000 J·kg–1 and in 
extreme cases may exceed 5,000 J·kg–1. 
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):

gn par env

f
env

Z v v

Z v

T T
CAPE dz

T

−
=  (1)

whereas:
Zn – height of the equilibrium level,
Zf – height of the level of free 
convection,
g – acceleration due to gravity,
Tvpar – virtual temperature of the specifi c 
parcel [°K],
Tvenv – virtual temperature of the envi-
ronment [°K] (Doswell III & Rasmus-
sen, 1994; Gettelman, Seidel, Wheeler 
& Ross, 2002).

Convective precipitation (Cp)

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, Cp and Tp 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 43.3 37.05 1236
Salahaddin 44.2 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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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, Cp and Tp 
(Bolboaca & Jäntschi, 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, Cp 
and Tp 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)

–

–

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
Khanqin 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 44.32 31.95 53
Ramadi 43.32 33.45 48
Kahalis 44.53 33.83 44
Baghdad 44.4 33.3 32
Kerbela 44.05 32.57 29
Hella 44.45 32.45 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 5
Basrah 47.78 30.52 2
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probability value (p-value)
Then calculating the amount of 

(di) through (di = ki – i) where (i) val-
ue ranging I = 1, 2, 3, …, n. Where n 
is the number of measurements in each 
of the two varieties in the correlation, di 
is the ranked difference between the ith 
measurements for the two varieties. In 
a statistical hypothesis test, the p-value 
is the level of marginal signifi cance 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, Cp 
and Tp over Iraq

Figure 3 shows the highest total 
yearly mean of CAPE, Cp and Tp 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 

FIGURE 2. Locations of Iraqi stations
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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, Cp 
and Tp over Iraq

Figure 4 shows the total monthly 
mean of CAPE, Cp and Tp 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-
effi cient was during April and the lowest 
in July and August months.

The highest total 30-year of the Cp 
coeffi cient was during March month and 
the lowest in July and August months. 
The highest total 30-year of the Tp co-
effi cient 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, Cp and Tp 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 coeffi cient 
was during April and the lowest in July 
and August months. The highest total 
30-year of the Cp coeffi cient was during 
March month and the lowest in July and 
August months.

The highest total 30-year of the Tp co-
effi cient 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, Cp and Tp 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 coeffi cient 
was during April and May while the low-
est in July and August months. The high-

a b c 
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FIGURE 3. Total yearly mean of Tp (a), Cp (b) and CAPE (c) over Iraq for 30-year period, from 1989 
to 2018
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est total 30-year of the Cp coeffi cient was 
during March and December months and 
the lowest in July and August months. 
The highest total 30-year of the Tp co-
effi cient was during January and De-
cember 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 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 

FIGURE 4. The total monthly mean of convec-
tive available potential energy (J·kg–1), monthly 
convective precipitation (mm) and total monthly 
precipitation (mm) respectively by CAPE, Cp and 
Tp for Dohook station

FIGURE 5. The total monthly mean of convec-
tive available potential energy (J·kg–1), monthly 
convective precipitation (mm) and total monthly 
precipitation (mm) respectively by CAPE, Cp and 
Tp for Mosul station
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FIGURE 6. The total monthly mean of convec-
tive available potential energy (J·kg–1), monthly 
convective precipitation (mm) and total monthly 
precipitation (mm) respectively by CAPE, Cp and 
Tp for Rabiah station

FIGURE 7. The total monthly mean of convec-
tive available potential energy (J·kg–1), monthly 
convective precipitation (mm) and total monthly 
precipitation (mm) respectively by CAPE, Cp and 
Tp for Sinjar station
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monthly mean of CAPE, Cp and Tp 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-
effi cient was during April and May while 
the lowest in July and August months.

The highest total 30-year of the Cp 
coeffi cient was during March and De-
cember months and the lowest in July 
and August months. The highest total 
30-year of the Tp coeffi cient 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, Cp and Tp 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 coeffi cient 
was during April and may while the low-
est in July and August months. The high-
est total 30-year of the Cp coeffi cient 
was during March and April months and 
the lowest in July and August and Sep-
tember months. The highest total 30-year 
of the Tp coeffi cient 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.

FIGURE 8. The total monthly mean of convec-
tive available potential energy (J·kg–1), monthly 
convective precipitation (mm) and total monthly 
precipitation (mm) respectively by CAPE, Cp and 
Tp for Zakho station
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The total yearly mean of CAPE, Cp 
and Tp for the selected station over 
Iraq

Figure 9 shows the maximum 
yearly mean of CAPE, Cp and Tp over 
Dohook station respectively 101.9047 
J·kg–1 for the 2006 year, 434.2045 mm 
for the 2018 year, 908.7591 mm for the 
1992 year. The maximum yearly mean 
of CAPE, Cp and Tp over Mosul station 
respectively 96.84094 J·kg–1, 410.1414 
mm, 718.0172 mm for the 2018 year. 
The maximum yearly mean of CAPE, 
Cp and Tp over Rabiah station respec-
tively 106.2608 J·kg–1 for the year 2006, 
400.8977 mm, 692.3379 mm for the 
2018 year. The maximum yearly mean 
of CAPE, Cp and Tp over Sinjar station 
respectively 100.6505 J·kg–1 for 2006 
year, 377.1396 mm, 605.5202 mm for the 

2018 year. The maximum yearly mean of 
CAPE, Cp and Tp over Zakho station re-
spectively 106.8305 J·kg–1 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, Cp 
and Tp for the selected station over 
Iraq

Figure 10 shows the type of relation-
ship and the strength of the correlation 
between meteorological parameters for 

FIGURE 9. The yearly mean of CAPE, Cp and Tp data for selected stations
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FIGURE 10. The relationship between CAPE, Cp and Tp data for selected stations
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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 
Cp and Tp 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 
infl uence 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 Cp and Tp for the 30 years over Iraq

Simple linear regression Spearman rho test
StationInterpretation 

of relationship p Correlation degree Rs relation

linear relation < 0.001 high positive correlation 0.8 CAPE vs Cp Dohook
linear relation < 0.001 high positive correlation 0.8 CAPE vs Tp

linear relation < 0.001 high positive correlation 0.9 CAPE vs Cp Mosul
linear relation < 0.001 high positive correlation 0.7 CAPE vs Tp

linear relation < 0.001 high positive correlation 0.8 CAPE vs Cp Rabiah
linear relation < 0.001 high positive correlation 0.6 CAPE vs Tp

linear relation < 0.001 very high positive correlation 0.8 CAPE vs Cp Sinjar
linear relation < 0.001 high positive correlation 0.7 CAPE vs Tp

linear relation < 0.001 middle positive correlation 0.7 CAPE vs Cp Zakho
linear relation < 0.001 low positive correlation 0.5 CAPE vs Tp
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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 
Cp is positive and the relationship 
between CAPE and Tp 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, Cp and Tp 
respectively 101.9047 J·kg–1 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, Cp and 
Tp respectively 96.84094 J·kg–1, 
410.1414 mm, 718.0172 mm for the 
2018 year.
The Rabiah station the maximum 
yearly mean of CAPE, Cp and Tp 
respectively 106.2608 J·kg–1 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 Tp 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, Cp and Tp 

–

–

–

–

–

–

–

respectively 106.8305 J·kg–1 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 (Tp) 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, Cp and Tp 
over Iraq, the total monthly mean of CAPE, 
Cp and Tp for the selected station, as well as 
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the relationship between of CAPE, Cp and Tp 
for the selected station. The results showed 
that the highest total yearly mean of CAPE, 
Cp and Tp over Iraq was included northern 
stations and lowest was included central and 
southern stations. The highest total monthly 
mean of CAPE, Cp and Tp for Zakho station. 
The relationship between the CAPE and 
Cp is positive and the relationship between 
CAPE and Tp is positive too at fi ve 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 scientifi c 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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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 fi rst study of its 
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 infl ammation 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 

FIGURE 1. Pathways by which climate change affects human health, including local modulating infl u-
ences and the feedback infl uence of adaptation measures (Patz et al., 2000)
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cells. The lower the test tube, the faster 
it falls down, the more infl ammatory it 
is in the body (Michael, 2015). Table 1 
presents normal values according to the 
Westergren method.

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 infl ammation, 
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 infl am-
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 mg·l–1. It is used 
in normal people to determine the extent 

of coronary insuffi ciency 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.

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 km2 and forms 0.2% of 
an overall Iraq area and is in the heart 

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

Specifi cation Normal value 
[mm·h–1]

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

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

Factor Value
WBC 5.00·103 iu
HB 11.0–14.0 g·dl–1

PCV 11.6–14.0
PL 150·103 iu
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of ancient Mesopotamia. The land is al-
most entirely fl at and low-lying. The cli-
mate of Baghdad has a subtropical desert 
climate (Köppen climate classifi cation 
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 

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 signifi cant values of the 
analyses were calculated (CRP, ESR, 

FIGURE 2. Map of Baghdad
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WBC, PL, PCV). The mean values were 
calculated for each age group which di-
vided in to fi ve sub-groups, each group 
comprising (10 years) shown in Table 3, 
as well as calculated the deviation and 
percentage for each group.

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 fl uctuations 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., 2006).

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

The result for ESR was (mean and 
percent) for all age group (10–60 years) 

TABLE 3. Number of patients exposed to heat 
wave

Age 
group

Numbers 
of cases

10–19 8
20–29 6
30–39 14
40–49 6
50–60 6
Total 40

TABLE 4. Average and standard deviation for 
three summer months for the year 2019

Month AVG SD
June 42.72 3.314
July 47.53 1.816

August 47.4 2
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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-
fl ammation 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-

FIGURE 3. Daily air max temperature for three 
months (June, July and August) for 2019
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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 

TABLE 5. Result of CBC analyses for male for three summer months (June, July and August) for 
2019

Age Mean 
CRP CRP% Mean 

ESR ESR% Mean 
WBC WBC% Mean 

PCV PCV% Mean 
PL PL% Tmax 

[°C]
10–19 12 92 43 99 10.5 99 27 100 215 101

45.8

20–29 14.5 99 40.5 101 14.15 101 36 100 268.5 101
30–39 17 100 53.5 100 11.35 100 28 100 182.5 100
40–49 15.5 100 43 100 11.55 100 28.5 100 215.5 100
50–60 17 100 49 100 11 99 32 100 215 100
Total 15.5 100 43 100 11.35 100 28.5 100 215 100

TABLE 6. Result of CBC analyses for female for three summer months (June, July and August) for 
2019

Age Mean 
CRP CRP% Mean 

ESR ESR% Mean 
WBC WBC% Mean 

PCV PCV% Mean 
PL PL% Tmax 

[°C]

10–19 14 99 46 100 11.9 100 33 100 131 100

45.8

20–29 17 100 31.5 100 10.85 100 30 100 220.5 100
30–39 15 100 43.5 101 11.35 99 29 100 190.5 99
40–49 15 101 47.5 100 11.9 101 32.5 100 291 101
50–60 12 100 31 99 7.6 101 31 100 245 100
Total 15 100 43.5 100 11.35 100 31 100 220.5 100
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FIGURE 4. The mean of males and females exposed to heat waves for the period of June, July and 
August 2019
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FIGURE 5. The percent of males and females exposed to heat waves for the period of June, July and 
August 2019
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blood fl uid 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 
(PGE2) 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 A2 (TXA2) 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 signifi cant 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 signifi cant 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 signifi cant 
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 fi rst of its kind in the Department 
of Atmospheric Sciences in Iraq.

Authors’ address:
Zahraa M. Hassan
Ministry of Health, Bab-Al-Muadum, Baghdad, 
Iraq 
22, 8 Baghdad
Iraq
e-mail: zahraamousa86@gmail.com



Outer wall with thermal barrier. Impact of the barrier on heat losses and CO2 emissions 223

Key words: thermo-active-wall-barrier, CO2 
impact, heat loss, energy consumption

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-
fi rms, that efforts to improve the energy 
effi ciency of the building sector have led 
to a signifi cant 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 signifi cant 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 fl ow of a low temperature 
medium, most commonly a solar fl uid, 
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 fi rst 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 fi ns 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 fi lled 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 fl ow 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 signifi cantly 
reduces the loss of heat by transmis-
sion from a building interior by creat-
ing blockades preventing heat fl ow 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 fl ow of 
a low-temperature medium through the 
coils. The scheme of such a partition is 

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)

a b 
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shown in Figure 2. Walls with active 
thermal insulation from BT&SONSKft 
have different constructions shown in 
Figure 3.

As observed the coils can be located 
in different layers of the wall cross-sec-
tion. The effectiveness of the coil’s oper-
ation as a thermal barrier depends largely 

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)

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

a b 

 

a b 
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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 roofi ng and 

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 fl oor 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-

FIGURE 4. The external partition with an act-
ive thermal insulation (photo by BT&SONS Kft, 
15 April 2017)

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
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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 infl uence 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 infl uences 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 & Szafl ik, 2006, 2010). It is based 
on the balance of energy supplied and 
discharged from the partition. Based on 
this the heat fl uxes Q1, Q2 and Q3 were 
determined (Fig. 7).

The heat fl uxes Q1, Q2 and Q3 were 
made dependent on R1 – 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 Ti = 20°C,
external temperature Te = –16°C,
initial medium temperature Tp =
=  10°C,
medium thermal capacity W = 104.8 
W·K–1.
Heat fl uxes Q1 / Q, Q2 / Q and Q 3 / 

/ Q relative as a function of thermal re-
sistance R1 established for such condi-
tions are introduced in Figure 8.

The heat fl ux transmission from the 
room Q1 decreases when the thermal 
barrier moves along the outside. The heat 
fl ux transmission outside the building
Q2 and the heat fl ux given out during 
medium fl ow 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 fl ux 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 IZOMAX 
system with thermal barrier located 
inside the core,
44.75% for the outer wall in IZOMAX 
system with thermal barrier located 
in the centre of the core,
47.32% for the outer wall in IZOMAX 
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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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 infl uence 
on the energy performance 
of a typical single-family house 
and CO2 emission

It is interesting, to what degree the 
thermal barrier can contribute to im-
provement of the building’s energy 

Q1 – heat fl ux penetrated from the room, Q2 – heat fl ux penetrated outside, Q3 – heat fl ux given up 
during medium fl ow, Q  – heat fl ux 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; c – 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
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performance and the reduction of CO2 
emissions. To arrive at an answer to this 
question an analysis of the infl uence 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 fi nal 
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 
(KOBiZE, 2018). On that basis, CO2 
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 fl oors, 
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 m2,
utility surface area 92.6 m2,
ceiling height 2.8 m.

–
–
–

FIGURE 8. Diagram of relative heat fl uxes Q1 / Q, Q2 / Q  and Q3 / Q depending on thermal resistance 
of the internal courses of the external wall R1 [m2·K·W–1]
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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 fl oor heating elements. 
The building possesses a mechanical 
ventilation unit with heat recovery of φ = 
= 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 fl oor 
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 fi nal energy for 
heating and ventilation.

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

Envelope 
element Material

s λ R ΣR Rsi Rse R1

m W·m–1·K–1 m2·K·W–1

Exterior 
wall

porous ceramic bricks 
Porotherm 38 P+W 0.38 – 2.690

2.73 0.13 – 2.86
gypsum plaster 0.015 0.35 0.043

R1 – 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) 

Envelope 
element Material

s λ R ΣR Rsi Rse R2

m W·m–1·K–1 m2·K·W–1

Exterior 
wall

gypsum plaster 0.01 0.35 0.029

3.06 – 0.04 3.10

polystyrene EPS 70-040 
12 cm thickness 0.12 0.04 3.000

cement-lime plaster 
coat to embed the wall 
barrier PP pipes

0.025 0.82 0.030

R2 – the thermal resistance of the external courses of the external wall (those between pipes and the 
outdoor air).
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Results

The improvement of the energy per-
formance due to the renovation cencern-
ing the application of a thermal barrier 
results in a reduction of about 31% of 

the building’s energy demand referring 
to both fi nal and usable energy for heat-
ing and ventilation in the modernised 
building. It was calculated by KOBiZE 
(2018), that the average CO2 emissions 
for electricity in Poland are approxi-
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mately 778 g of CO2 per 1 kWh. Using 
this specifi c CO2-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 CO2 annually 
(Fig. 10).

Conclusions

From the example of a typical single-
-family house it can be concluded, that the 
energy performance and CO2 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 benefi cial, 
and installing it during thermorenovation 
can yield signifi cant energetic improve-
ments and be more enviromentally friend-
ly. Even though in the article the values of 
energy demand and CO2 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 CO2 
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 effi ciency 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 signifi cant 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 fi elds 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):

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.
The nature of work within a single 
project is fragmented, as several dif-
ferent parties separate and separate 
to complete the project.
The industry’s heavy dependence on 
manpower and its lack of research 
and development in methods and 
methods of implementation.
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The criterion of competition for bid-
ding in most cases is the lower price, 
which reduces the profi t 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 & Sjö-
din, 2016).

Tall buildings since the 1990s and 
during the fi rst 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 defi ned as 
those buildings whose height is not less 
than 40 m or 13 fl oors. 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 

4. 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 scientifi c 
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 et al., 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 early stages. Therefore, the specialists 
researchers in this study are endeavor-
ing improvement and assessment earned 
value models through the below stages:

Choose the appropriate statistics 
software.
Identifi cation of MLRT variables that 
have an effect on the earned value in-
dex in tall buildings projects.
Building a numerical model to fore-
see of the earned value indexes (SPI, 
SPI and TCPI).
Check the confi rmation and approval 
of the scientifi c 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.

1.

2.

3.

4.

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.

Identifi cation ANN Models 
variables 

The Bismayah City Project is the fi rst 
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 fi rst 
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 fi eld 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.

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-

dex (CPI), Schedule Performance Index 
(SPI) and To Complete Cost Perform-
ance Indicator (TCPI) are defi ned 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 fi eld 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:

Schedule Performance Index (SPI).
Cost Performance Index (CPI).
To Complete Cost Performance Indi-
cator (TCPI).

First: Schedule Performance 
Index Model

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

1.
2.
3.

 
FIGURE 1. The new city of Basmaya in Iraq

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

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 510 237.5 272.5 358
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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testing the signifi cant 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) +
+ (50.059X5) – (0.05X6)  (2)

Third: Complete Cost 
Performance Indicator

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

TABLE 2. Coeffi cients of SPI-Model (dependent variable: Y1)

Model
Unstandardized coeffi cients Standardized 

coeffi cients t sig.
B SE ß

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

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

Model
Unstandardized coeffi cients Standardized 

coeffi cients t sig.
B SE ß

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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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 Confi rmation and 
Approval of the Scientifi c Models

Below is the model’s summary, 
which has some important statistics. It 
provides us correlation coeffi cient (R) 
with determination coeffi cient (R2) 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 coeffi cient shows the extent 
of the variety in input variable from an 
output variables, and that models have 

TABLE 4. Coeffi cients of CPI-Model (dependent variable: Y3)

Model
Unstandardized coeffi cients Standardized 

coeffi cients t sig.
B SE ß

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

FIGURE 1. Summary statistics of models
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R2 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) 
verifi cation have pretty performance in 
order that offered high correlation of co-
effi cient (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-
effi cient of determination (R2) is 73.2%, 

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-
fi able information has been clarifi ed. 
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 defi ned 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 

FIGURE 2. Relationship between observed SPI 
and expected SPI

FIGURE 4. Relationship between observed TCPI 
and expected TCPI

FIGURE 3. Relationship between observed CPI 
and expected CPI
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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 coeffi cient (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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Summary

Forecasting techniques in construc-
tion industry: earned value indicators and 
performance models. Machine Learning 
Regression Techniques (MLRT) as a shrewd 
method can be utilized in this study being 
exceptionally fruitful in demonstrating non-
-linear and the interrelationships among 
them in problems of construction projects 
such as the earned value indexes for tall 
buildings projects in Republic of Iraq. Three 
forecasting models were developed to fore-

see Schedule Performance Index (SPI) as 
fi rst model, Cost Performance Index (CPI) 
as a second model, and the third model is 
To Complete Cost Performance Indicator 
(TCPI) in Bismayah New City was chosen 
as a case study. The methodology is mainly 
impacted by the deciding various compo-
nents (variables) which impact on the earned 
value analysis, six free factors (X1: BAC, 
Budget at Completion; X2: AC, Actual Cost; 
X3: A%, Actual Percentage; X4: EV, Earned 
Value; X5: P%, Planning Percentage, and 
X6: PV, Planning Value) were self-assertive-
ly assigned and agreeably depicted for per 
tall buildings projects. It was found that the 
MLRT showed good results of estimation in 
terms of correlation coeffi cient (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 m3·M–1·year–1 
(Kundzewicz, Zalewski, Kędziora & 
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 m3·M–1·year–1 (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 fl oods 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 fl ush 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-
fi ya & 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; 
Spychała, 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 & Jodłowski, 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 & Jodłowski, 
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 fl ushing the 
toilet bowls (Mucha & Jodłowski, 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 specifi es that this water should be 
safe for life and health, it should not be a 

habitat for fl ies, it cannot pose a threat to 
the environment, it should look aestheti-
cally. These guidelines, presented in the 
work of Mucha and Jodłowski (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 fi ltration of gray water through poly-
propylene mesh fi lters, sand fi lters and 
chlorine disinfection. The literature also 
refers to systems based on biofi ltration 
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 (upfl ow 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 signifi cant 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 fi lters for pre-treatment 
of bathing gray water for possible sec-
ondary use of it. The possibilities of 
using double stage polypropylene-car-
bon cartridge fi lter FCCA-STO, as well 
as polypropylene FCPS10 and carbon 
FCCA cartridges fi lter, 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 effl uent for 
tests was collected at the outfl ow from 
sanitary facilities. The effl uent were col-
lected in a septic tank and then passed 
through cartridge fi lter with a fi xed ini-
tial capacity of 0.1 dm3·s–1. This value 
corresponds to the normative outfl ow of 
water into the toilet bowl from the water 
supply system (PN-92/B-01706, PN-EN 
806-3:2006). Performing fi ltration on the 

cartridge fi lter, it was attempted to deter-
mine the possibility of using a selected 
cartridge fi lter for pre-treatment of bath 
gray water. The characteristics of gray 
water are shown in Table 1.

Housing cartridge fi lters are small 
devices (Aquafi lter 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 
purifi cation, the fi lter cartridge should 
be replaced every 6 months (Aquafi lter 
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 fi l-
ter cartridge used. In the fi rst experiment, 
a double stage polypropylene-carbon 
cartridge fi lter FCCA-STO was used. 
However, the other two experiments that 
examined individual fi ltration stages 
were made on a single polypropylene 
cartridge FCPS10 with a fi ltration accu-
racy of 10 μm (the second experiment) 
and on a single carbon cartridge fi lter 
FCCA (third experiment).

During the tests, samples of raw 
gray water and fi ltrate 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,

–

–
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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 (BOD5) 
– 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 fl ushing 
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 signifi cant 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 
et al., 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, 
Šostar-Turk, Petrinić and Simonič (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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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 
effi ciency of operation of selected fi lter 
cartridges in each research series, the 
quality of raw gray water was tested.

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

In series 1 of tests, the fi ltration of 
bath gray water was carried out using a 
double stage polypropylene carbon fi lter 
cartridge FCCA-STO. For this purpose, 
baths gray water from the two-family 
building was stored in the tank – about 
300 dm3. Then, 80 dm3 of averaged gray 
water was fi ltered on the prepared test 

stand, without getting a full colmatation 
of the fi lter cartridge. Five fi ltrate 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 fi lter 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 fi ltration, the quality 
indicators of gray water underwent slight 
changes. The best effect was obtained 
for suspensions. After fi ltering 40 dm3 
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 fi ltration of 20 dm3 
gray water, for COD reduction by 13%, 
BOD5 by 30%, TDS by 14% in samples 
of 10 dm3. The remaining analyzed indi-
cators of the quality of the liquid practi-

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 μs·cm–1 1 234–2 900 1 752 1 687 483
Decay h 64–90 74 75 8
COD mg O2·dm–3 182–273 224 224 25
BOD5 mg O2·dm–3 71–180 118 115 25
Total suspended solids (TSS) mg·dm–3 74–892 482 476 233
Fixed suspended solids (FSS) mg·dm–3 48–445 227 202 100
Volatile suspended solids (VSS) mg·dm–3 26–640 255 280 162
Total dissolved solids (TDS) mg·dm–3 854–3 715 2 452 2 281 829
Total fi xed solids (TFS) mg·dm–3 315–2 285 1 325 1 327 496
Total volatile solids (TVS) mg·dm–3 539–1 768 1 127 1 054 404
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cally showed no major changes. The test 
results are presented in Table 2.

In the research, a double stage fi lter 
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 fi ltration of gray water 
from hotel rooms through a nylon fi lter. 
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 fi ltration 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 fi lters in the 

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

A double stage polypropylene-car-
bon fi lter was used for testing without 
the possibility of sampling between in-
dividual stages. Hence, to determine 
the effect of individual fi lter stages on 
wastewater treatment, tests were car-
ried out on single polypropylene fi lter 

TABLE 2. Characteristics of bath gray water raw and treated on the housing double-stage polypropyl-
ene-carbon cartridge fi lter FCCA-STO (own studies)

Indicator Unit
Raw 
gray 
water

Volume of fi ltrate [dm3]

10 20 40 60 80

Turbidity NTU 45.6 26.1 25.4 27.1 28.2 27.5
pH – 7.58 7.80 7.81 7.79 7.75 7.82
Conductivity μs·cm–1 1 386 1 296 1 310 1 356 1 341 1 330
Decay h 70 70 70 70 70 70
COD mg O2·dm–3 224 195 214 205 205 200
BOD5 mg O2·dm–3 103 72 80 92 85 95
Total suspended solids (TSS) mg·dm–3 706 185 162 141 165 148
Fixed suspended solids (FSS) mg·dm–3 75 65 60 52 63 58
Volatile suspended solids (VSS) mg·dm–3 631 120 102 89 102 90
Total dissolved solids (TDS) mg·dm–3 1 078 932 968 970 954 972
Total fi xed solids (TFS) mg·dm–3 754 654 676 679 666 678
Total volatile solids (TVS) mg·dm–3 324 278 290 291 288 294
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cartridges FCPS10 (experiment 2) and 
carbon FCCA (experiment 3). These car-
tridges are made of fi lter material used 
to build the FCCA-STO cartridge used 
in experiment 1.

Experiment 2. Filtration on a fi lter 
with a polypropylene cartridge 
with a fi ltration accuracy of 10 μm 
– FCPS10

In the second experiment, fi ltration 
of bath gray water through a fi lter with 
a polypropylene cartridge with a fi ltra-
tion accuracy of 10 μm 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 dm3 
of gray water were fi ltered. During the 
tests samples of the fi ltered liquid were 
collected. Five samples of fi ltrate 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 fi ltration, no full colmatation of 
the deposit was obtained.

The fi ltration of bath gray water 
through the analyzed fi lter cartridge did 
not signifi cantly 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 fi ltration of 20 
dm3 of sewage: for turbidity – reduction 
by 65%; TSS – by 81%; TDS – by 22%; 
COD – by 13%; BOD5 – by 41%.

There is a noticeable fl uctuation in 
the concentration of COD in individual 

TABLE 3. Characteristics of bath gray water raw and treated on the housing polypropylene cartridge 
fi lter FCPS10 (own studies)

Indicator Unit
Raw 
gray 
water

Volume of fi ltrate [dm3]

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 μs·cm–1 1 386 1 389 1 366 1 376 1 381 1 379
Decay h 70 77 77 77 77 77
COD mg O2·dm–3 224 214 195 200 205 200
BOD5 mg O2·dm–3 103 70 61 65 69 65
Total suspended solids (TSS) mg·dm–3 706 140 131 155 163 147
Fixed suspended solids (FSS) mg·dm–3 75 15 17 19 18 18
Volatile suspended solids 
(VSS) mg·dm–3 631 125 114 136 145 129

Total dissolved solids (TDS) mg·dm–3 1 078 831 843 862 851 854
Total fi xed solids (TFS) mg·dm–3 754 582 592 601 602 595
Total volatile solids (TVS) mg·dm–3 324 249 251 261 249 259
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samples of fi ltered 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 signifi cantly 
during fi ltration.

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 fi ltration the value of 
this parameter slightly improved to 77 h.
Some of indicators, which case decay 
decrease during fi ltration, that is confi rm 
by other parameters tested.

Experiment 3. Filtration on a fi lter 
with a carbon cartridge – FCCA

In the third experiment, fi ltration of 
bath gray water through a carbon car-
tridge fi lter 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 fi lter 
on the fi ltration 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 fi ltering 80 dm3 of gray 
water. The fi lter cartridge has not been 
fully colmatated. During the tests, fi ve 
samples of fi ltered 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 fi lter 
FCCA (own studies)

Indicator Unit
Raw 
gray 
water

Volume of fi ltrate [dm3]

10 20 40 60 80

Turbidity NTU 45.6 33.2 35.1 35.9 35.9 36.0
pH – 7.58 7.66 7.71 7.65 7.68 7.71
Conductivity μs·cm–1 1 386 1 355 1 368 1 380 1 369 1 372
Decay h 70 72 72 72 72 72
COD mg O2·dm–3 224 200 200 205 214 205
BOD5 mg O2·dm–3 103 85 81 88 91 88
Total suspended solids (TSS) mg·dm–3 706 146 141 133 150 148
Fixed suspended solids (FSS) mg·dm–3 75 37 36 35 39 38
Volatile suspended solids 
(VSS) mg·dm–3 631 109 105 98 111 110

Total dissolved solids (TDS) mg·dm–3 1 078 916 905 925 909 891
Total fi xed solids (TFS) mg·dm–3 754 641 633 648 630 625
Total volatile solids (TVS) mg·dm–3 324 375 372 277 279 266
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The fi ltration of bath gray water 
through the analyzed fi lter cartridge did 
not signifi cantly affect the quality pa-
rameters of liquid. They have improved 
to a small extent, but the analyzed liq-
uid quality indicators have not changed 
signifi cantly.

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

Based on the results of the research, 
it can be assumed that the used fi lter car-
tridge in the case of gray water fi ltration 
on it acted like an ordinary mechanical 
fi lter with low fi ltration effi ciency.

Because of fi ltration, the follow-
ing quality parameters have slightly 
changed: turbidity (up to approx. 27% 
in the fi rst sample), COD (up to approx. 
11% in samples 1 and 2), TDS (up to 
17% in sample 5), BOD5 (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 
fi lter cartridge was quickly exhausted 
with the fi rst portion of gray water as a 
result of clogging of the pores of the fi lter 
bed. After that the cartridge still worked 
only as a bed of mechanical fi ltration. 
This is confi rmed by a greater reduction 
of turbidity and TSS in the analyzed fi l-
trate samples.

The tests on single FCPS10 and 
FCCA fi ltration cartridges confi rm the 

assumption that follows the fi rst series of 
tests (experiment 1) with a double stage 
polypropylene-carbon fi lter. The amount 
of pollution reduction on the FCPS10 
fi lter is at the same level as on the fi l-
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 fi l-
ter, which is a sorption fi lter, under these 
conditions in the experiment does not 
work properly. Using it for the treatment 
of bath gray water acts as an ordinary 
mechanical fi lter with low effi ciency of 
removing impurities. For comparison, in 
studies conducted by Šostar-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 fi ltration on a 1 m fi l-
ter column fi lled with sand and fi ltration 
through a 1m 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 fi lter 
cartridges, their effectiveness in terms of 
turbidity reduction was analyzed.

The analysis of gray water treatment 
effi ciency 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 refl ection 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 fi ltered 
volume of sewage. The determination 
coeffi cients (R2) have been determined 
for the presented functions. It was as-
sumed that the function with the highest 
value of the R2 coeffi cient would be a 
good fi t of the function. Linear functions 
and their R2 determination coeffi cients 
are shown in Figure 1.

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

p i

p

S S
S

η
−

=

where:
η – effi ciency of decreasing wastewater 
turbidity,
Sp – initial turbidity of gray water, 
Si – turbidity after fi ltering a given 
volume.

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

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

the method of pollution reduction ap-
plied in the own research with a double 
stage fi lter 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 dm3 of gray water were fi ltered 
each time, and then the experiments were 
stopped. Based on the assumption of 
FCCA-STO and FCCA fi lters operation 

FIGURE 1. Hyperbolic dependence of turbidity as a function of gray water fl ow (own studies)
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as ordinary mechanical cartridge fi lters 
instead of sorption fi lters and a straight 
decrease in their effi ciency, their turbid-
ity removal capacity will run out after 
fi ltering about 630 dm3 of gray water 
with an FCCA-STO cartridge, 360 dm3 
with an FCCA cartridge and 3,400 dm3 
with a FCPS cartridge.

It may seem to be problematic why 
fi ltration using the double stage poly-
propylene carbon cartridge FCCA-STO 
showed lower effi ciency of turbidity 
reduction from gray water relative to 
the single stage fi ltration 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 fi lter, under the given condi-
tions works most likely like an ordinary 
mechanical fi lter 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 fl ow will be different due to 
the twice the bed layer for the FCPS10 
cartridge.

Conclusions

The fi ltration of natural bath gray 
water through the cartridge fi lters did 
not show signifi cant improvement in the 
quality of the liquid. The fi lter cartridges 
used only contribute to the reduction of 
turbidity in the treated gray water. The 
remaining quality parameters after gray 
water fi ltration remained at a similar lev-
el to the initial values.

The carbon cartridge, which is a sorp-
tion fi lter, in the case of fi ltration of gray 
water, most likely acts as a fi lter 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 fi lter cartridges for gray 
water treatment can be used as prelimi-
nary stages of purifi cation. However, the 
use of a carbon refi ll at this stage of pu-
rifi cation is not recommended due to the 
minimal effi ciency 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 

FIGURE 2. Effectiveness of turbidity decomposition according to gray water fl ow fi ltration (own stud-
ies)
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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 fi ltration may be 
signifi cantly worse in bath gray water 
with a higher degree of biodegradability 
(higher BOD5, lower decay, higher tur-
bidity, etc.). Therefore, the fi ltration of 
gray water from the bath, even through 
a double stage fi lter 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 fi lters 
usage in bath gray water treatment. Bath 
gray water organoleptically did not appear to 
be signifi cantly 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 fi lter. The article presents the results 
of the fi ltration of gray water from the bath 
through the fi ltration system with a housing 
double stage polypropylene-carbon fi lter 
FCCA-STO and to determine the impact of 
individual fi lter layers on wastewater treat-
ment, tests were carried out on a single 
polypropylene FCPS10 and carbon FCCA 
fi ltration cartridge. The aim of the study 
was to determine the suitability of the se-
lected housing fi lter 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 
fi lter with a constant fl ow rate of 0.1 dm3·s–1. 
The assessment of the work of the fi lters 
based on parameters such as: COD, BOD5, 
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 fi ltration through selected 
housing cartridge fi lters. Only for turbidity, 
the reduction in the value of the pollution in-
dicator was noticeable. The cartridge fi lters 
used in tests, acted like ordinary mechanical 
fi ltration cartridges. For the considered gray 
water, the use of analyzed cartridge fi lters can 
only be used for their initial purifi cation.
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Introduction

Since the fi rst time it was discovered, 
the use of plastic wastes has been hav-
ing a gradual increase. It is infl uenced 
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; Comăniţă, 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 infl uence 
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 infl uences 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 specifi cations 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 
qualifi ed to the specifi cations, the exper-
iments in the factors of machines setup 
and plastic raw materials’ components 
are infl uential. This research will exam-
ine the infl uence 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-
iffi n, Rahim and Jikan (2012) in their re-
search explains that the viscosity of ore 
plastic liquids is strongly infl uenced 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 artifi cial material which 
molecular structure has a complicated 
composition, which also purposely set 
to fulfi ll the specifi c 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 classifi cation 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 (C3H6), ethane (C2H4), vinyl chlo-
ride (CH2), nylon, carbonate (CO3), and 
styrene (C8H8). 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-
cifi c gravity compared to other types of 
plastics (Maddah, 2016). Polypropylene 
is a thermoplastic polymer. Polyolefi n 
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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dation, and biodegradation by the micro-
organisms. Through these mechanisms, 
the plastic can be degraded perfectly 
within at least 50 years (Webb, Arnott, 

Crawford & Ivanova, 2013). Because of 
such a long time, there is a technology 
developed which can recycle plastic ma-
terials so that the environmental impacts 

TABLE. Seven types of plastics based on the danger levels toward the environment and human (Rye-
dale District Council, n.d.)

Symbol Acronym Information

PET For mineral water and ready to drink bottles. Not to be refi lled, especially 
with hot water.

HDPE Milky white bottles. Usually for mineral water galoon, plastic chairs, or 
milk packaging for food. This bottle is also disposable.

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

LDPE Usually for food, plastic packaging have soft or fl exible texture. Food 
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 
food container and baby drink bottles. The plastic is transparent.

PS
Disposable sterofoam packaging for food/beverage. This material can 
mix with the food under high temperature. Dangerous to the brain and 
nerves.

other

SAN (styrine acrylonitrile), ABS (acrynitrile butadiene styrene), PC 
(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 

a b 
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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 
defi ned 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):

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

1.

Cleaning: The cleaning step consists 
of wastes washing and drying.
Sorting: In this step, not only sepa-
rating the polymer from foreign 
substances, but also from other 
polymers.
Size reduction: This step is aimed to 
reduce the size of the wastes as well 
as separating the different polymer. 
The fi nal 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 (Dornfi eld, Yuan, 
Diaz, Zhang & Vijayaraghavan, 2013; 
Seth, Rehman & Shrivastava, 2018), 
such as the modifi cation 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-

2.

3.

4.
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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; Duić, Urbaniec & Huis-
ingh, 2015).

Green manufacturing (GM) has a 
signifi cant 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 infl uential 
to the social, economy, and environment 
(Fig. 2). A sustainable manufacture refers 
to a manufacturing system or process 
that fulfi lls 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 defi nition 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 fi nancial.

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 CaCO3 and pigment, 
melted and extruded as a fl at fi lm (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 fi n-
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 fi nished 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 

–

–

–

–

FIGURE 2. The linkages of green manufacturing 
with the economy, social, and environment
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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 fi nal 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 
qualifi ed 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 confi rmed to 
fulfi ll 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 

beans mixed with plastic bottle wastes. 
There are three experiments that will be 
conducted, which are experiment I: 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 fl owchart (Fig. 4) is presenting the 
general steps in the experiment process 
of woven bags production based on dif-
ferent conditions.

FIGURE 3. The tenacity test measurement for the woven bags’ raw materials for experiment II, tem-
perature 175°C
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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

FIGURE 4. Flowchart of the woven bag manufacturing process based on differences in raw material 
and extrution temperature
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per 1 denier. T test has been used to de-
cide whether the two groups of experi-
mental data have signifi cant differences 
or not. On the other hand, F test has been 
used to fi nd out how much infl uence 
a parameter in the experiment determines 
the results. Based on the hypothesis test 
using the F test, concluded that Fcalcul. =
= 20 and Ftable = 4.9. With the value of 
Fcalcul. > Ftable, 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 tcalcul. = 19.25 and ttable = 2.13, which 
means the gap in the tenacity between 
the two materials is really signifi cant.

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 
Fcalcul. = 97 and Ftable = 4.9. With the 
value of Fcalcul. > Ftable, 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 tcalcul. = 2.17 and ttable =
= 2.13, which means the gap in the te-
nacity between the two materials is not 
signifi cant.

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-

FIGURE 5. The result of tenacity measurement in setup machine condition 2 for wastes materials 0% 
and 10%
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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 fi rst 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 4–6 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 (C3H6), 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 fi nd 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 
benefi cial as an additive substances in 
the production of woven bags with the 
raw materials of polypropylene (C3H6). 
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 signifi cance. The comparison 

FIGURE 6. The result of tenacity measurement in the setup machine condition 2 for wastes materials 
0% and 10%
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between the fi rst and second experiment 
shows that the setting of the extrusion 
machine’s temperature is very infl uential 
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 
fi rst 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 
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good quality. Therefore, through the concept 
of green manufacturing, the utilization of 
plastic wastes might provide a substitution 
to the part of plastic core raw material in 
the woven bag production. This research is 
designed to be the beginning of innovation 
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.
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