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Figure 1: Map of sampling stations in eight transects of the southern Caspian Sea basin
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Table 1- Weights of important parameters in the principal component analysis (PCA) for calculating the water
quality index of the southern Caspian Sea basin (2003-2019)
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Table 2: The values of sub index (qi) for each parameter in the southern Caspian Sea basin (2003-2019)
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Table 3: Descriptive statistics of physicochemical and biological parameters in the southern Caspian Sea basin
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Figure 2: Cluster diagram between water quality index parameters at different seasons and regions in the southern

Caspian Sea basin (2018-2019)
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Figure 3: Water quality index values at different transects, depths and seasons in the southern Caspian Sea basin
(2018-2019)
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Figure 4: Box plot of seasonal variation on water quality index parameters in the southern Caspian Sea basin (2018-
2019)
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Table 4: Comparison of water quality based on the two different methods of water quality indices in the southern

Caspian Sea basin (2018-2019)

WQI2 WQIL

WQI2 WQIL

Of CodsS guyaib  (2ly Jab Ol koS guiy alib o
<> by dr b boge lawgio - b
Ly by S5 Ly by )
bgie bugieoss oy bgie bgie ¥
<o ¢ 3% Obs Jad
boge hugie-w 8 bgie bgie b
bgie bgie o~ bogie hugie-a Gl
boge  huege-a 35 e bogie > e
Lvgie boge 635 o bogte Ol
bgie & g
Ly bgie S Obls
<> g 3%
<> Lwgie o

FUSS s b alie o las] ldle WQI2 JWQIL

RS g A gy D58 e Ol CohS ralS
N e N
Slge b Ll sixe  Siwwsn Pseudonitzschia seriata
5 Boloe) ol plas 5 by (e Slsw; sdie

AOYAY e
&l ple plo b S mie bylid popdle piucwss o
eoladl Soiglen 5 plendoSond Luld ohlo
95 3 plmmgST Sedls Cumdg (Dbl el pl . Con
slp o b 5l 55,5 Wl S g ol
Davis, ) cul a5 5,50 o guie Gpas £45 s
ol CoaS gu aib 5 i o &l 4, (2006
2ls Sglite 0,505, S 4 LS bl ol eSays
b oanslio )0 (S5908 SlaS 5 )55 6byo o (Jle sl
Selz IS5 5wy eanSgame Jels plyis 4 jid
OlaS 5 51 a8 caslins Bl ol ol ol sl
oo b el Gl b 0 Sl pgate (S5
Sl (2B (S g 55T g 0l sl el Sl
57 Shys sbesls a4 axgi b 09l o o0l )8
McPherson et al., ) a0 o (¥ Jgaz «pol> aalllas)
clale (1999; Nasrollahzadeh Saravi et al., 2018

-
Dz b bt sl ml el
A5 Sl a5 was o lis e w9 o il
Lias ol jlre o> odgame o ol cuiS sla il )b
>l i Gd oy 685 e ¥/29) COD ( Silee
Sl )bl sy 09 Gid 5o 0,5 e 1) e
slrass ;o Gz sl Jlo (b)) oyws ;0 9 Sasjlye
as ole las H55 by Glpl eje> ;0 (VWA 5 VYA
5 @S eds g ol coiS gla il b gany sl
5 Sl wpssigel R e l) G eS| Conds
- Jedg, 15" 0L o (CODwpn 9 DO% BOD:s) 5 (jaud
Jol 4o 1o L5 & adgl Slagsi gl oasls lainy |
Syl ey |, dele (b YL S 85 gl
a8y slp S 990 (30 Slge (Pt Hand 9 ()95
Slodes ia adgl Sladgy dA Lasil oo 005y logge
g by po aed g 0ers glead iz colaa o
g ouis opl (Gruber, 2008) &S o sl o gl
b pol> aslllas ;0 PCA sej] mls jo Coal
Ol 5l s @l 5o gdie dlse ) a0 S e
Sz 2 presS] el Sy, o ol bl

Vof


https://dor.isc.ac/dor/20.1001.1.10261354.1399.29.4.13.7
http://isfj.ir/article-1-2381-fa.html

[ Downloaded from isfj.ir on 2025-11-01 ]

[ DOR: 20.1001.1.10261354.1399.29.4.13.7 ]

WQI 1 solawl g 05,5 sogame (Y+10) ) Ken
bl bl b il of cois anmlie Jol
9 08 es 2Ll by e laossn oyl s
sleddle glls STe sla,bze 5 o lasbnl cole,
S9r b B gy w5 @l ae b ke
sle oyl 5 (Tanjung et al., 2019) s ol L lss!
ele polie (F) JSE gab aSiliz bl e Uil L
o by et gl el pelul  Ceds
bl Caenl Sls a5 sl Cawds pgd g, 5l 5eS
dailate jo 0 Ol CoaS Oglad o mogs g sl
YY) oLee 5 Noguyén adlas b ool
GLQ)T LS‘)‘. WQ| d.{.mtz.o L NOZ ‘N03 6[@;&\)@
S amils oly Wl cel igeie M ol
GLQ)T LS‘)‘. WQ| d.{.mtz.o L NOZ ‘N03 6[@;&\)@
codled Jdo 4 NO; 15 sl igy i BB >l
Sl a oy S ol Jole adhie o we g 5
5552 b S o e YU il o 1, NOj Sl 234
il 93,5 o hled baome o Sila opad bsSs
ColiS Of Sedy S CehsS Camdg 9y9lp 5 Syl
2oskel adae poesl ululn &5 J e wiS s
Febl (Jdg k5 pede 555 bys Dawslys slaosls
0 lele Sl b Jgl e 5 53,5 5 b 5 NO;
Sliasy @ azei bl opl cal ooy Cenl (glylo
5 0pS o0 S8 wali yee 5 5% sbyd ,o i
by yo JBg)lS polie g (gSBhgd slaosls (o)
L oesdled (gl we e a5 o ol 55
oy Cen Sute (Staen sl Jdg)l5
sass (L3S hgime 5 SO ol jo Dol
G o0l s bLa)l cpl (eSdgid alizes
oS s Sl slls bl 455 sl
3 s 3,5 ikie oS ol Sl
J2s )l Bpo (655,50 coad i oy (VW7 ]S

V00

Sade gSlas lge 4 o 0 08 Lo /o VY-+/oN ¥
w9 Je olib lr (09w R) Sl
3 08 et (bl Can g pieswsS] Cwdl)
Gl bolabid LB osgame el 5 a5 s
2558 ake ply iz Sl jlre ke 69065

(FAO/WHO, 2006)
2ol (S aab) o cuas sl sl (Sl
PE (lawgie) Voo cud o bl 5 5l (lne; by
(6 550,8 Joli lawgie kb o omlS iyl
psb g ol ol b i lad g (i
56;’9[) 9 )QL’».? JQLAAJ & 4.9.».'0 9 ((5",""0 oolawl
CotS Lol a5l e 0)lge 35 g o oslaul
ol (Nguyen et al, 2013) asb o wogs
AL oM 2l s Sl Gale,S bl 5l (oorld]
@l persS] Sufslsn 5 bt Pl
El-Jabi et al., ) wgis o ol CutS o® o
) uoya.?u LQA_:)LU..; 6935 s).ol.> axlas o (2014
Sy 3 by e ojer S0 G g e Jad
5 o5 bl sl Ol coas asls 5l oolaxl
oole cews 3l Lad 5l colee s (Jg cenn 50 00
B psie o sl ) S50 pae g 0000 sle e led]
@iz glgl 4y jasly ol Jlsl coblB oss 51,8
aeion amlie l 55,5 a5 0 b il e s
9 Sy lame 330 Julow g i sl &5 2500
Slyaets Jelos g 4525 sl (e Ll 9 ol dss
Ao (CEQGs, 2001) asbo p3Y 5o byl
ol cuiS atls 3l sl cansy s LIl s, o
o bl (e el g e p Gelais
sloyslly  ladgs el el el
Sstel o3l Az aiilon il Jad (loor sy 528
I3 Jead plo l GlaBlas 09,5 o coaS azls
wlie 3blie yo 40 (g3l 90 o] sl Ll.cé )3
s Narayanan osde 4 Ll o 0 Cawl 0340


https://dor.isc.ac/dor/20.1001.1.10261354.1399.29.4.13.7
http://isfj.ir/article-1-2381-fa.html

[ Downloaded from isfj.ir on 2025-11-01 ]

[ DOR: 20.1001.1.10261354.1399.29.4.13.7 ]

ol 0l (el (658,18 5 wulss

u‘JlSAA K 6\9)‘.‘.‘: b.}‘\}d‘)—uﬁl

Aleeds a3l ol 2 Caled o 9 Wl GRIF
CoiS gl jasls olas anglio JJo (pl 40,108
Slogle anlio b (K6 SO )0 CulS &g, (ow)0)
,» J(CEQGs, 2001) ail as Ojpe LSS
oaite) adllae cpl o Ol cuaS asls &)l ggeme
s dlies 60l Coerl o 8551 Shls (35 sbye
&8s Joo 3l 0g3 S5 Jowe 9,5 lax 4y 0B lels
Blo 0,y ualS a4y a5 anled oo Wyl Ol gl e o
i o Sabiee e bislen £and I
Sy o (Ble (hysn Cao wly ar g, Wy L olyes
adgi Mg e o3lail @ O coas | 2B
Coanl (ols (D95 e Copde )3 Syl Sge
.Sidoruk and Cymes, 2018) s,ls
5 conle b gllae Ol cuaS asls adlhs ool jo
Gl 553 by gy oje o ol ddhis ol
J-dedg)ls o,595) Sfglsn 5 alordisd 2ol
A eolawl s_J—l MJ ua}tm u.u..x) LEIJ" ‘;)5 ‘S.MM
0y9> 2l lame ol anlllas 0 WQICS mls 5.0
5o Baes iz Jpab 5 (g 0 )35 by o>
30 520) Cewl ails )13 lawgie ¢ Jawgiemdy gleog,S
W aib U ol coaS OMw g489 cde @ a5 jloy Juad
Lol coas jasls mbs bl cle 4 (8l J55
sy S WRICS o5 s5ai ol Gl oo walsd plo
5 ol pessST o) 5l S g pse
2Bl Guan ded Sl Gl slacdls ST L)
aliee bl g by ,0 ol CatS awlie g b0
2 heSs sl el b Jloal b oasls
0‘53‘54 “Slaw alise .]aa‘].“: l) @L‘bulﬂ) 9 Lbolidum-d‘
ssbiie 4y sloygs sob a1y Ol CudST (el Joe )

Candg e 5l Ol cudlS s )0 losles lgie @
JB o ptawsS] den o oSS g (eSOL S
0 Goe WOQILolowle o a5 ols ylas (F Jgoz)
e )0 5 bwgie —o o CodS Gl Jad g e
P WQIZ Jseop 5o a5 Jb> o adlge 9 coiS
é)‘}a L.)"‘ S| ((Ja.wgﬁl.m) A_J—‘ m é)‘}a L.)"‘ LSALN
SIS 3,08 sl i shye peawsST sla il
b aglio ) pisST onl OF CudS usd jo (6 50t
Soiiand ozmed (dome 618 Lulph o ogatu
Sesldl) Sl gleldles o (Cisneros et al., 2018
Pk e 5 SEgm ol Slge 5 g (238 Slse
Jhingran, ) (el s,9, sle cole Bkl s lale
Eljaiek-Urzola adlas ;o .cwl cosal <1l (1987
T oy, cdale alSul Jore o 595 iow o Ll ad
Ol Lo (gme e 4y o> bl &S (90
s et sl ol 2855 S e adl lo e
I P LY u‘hs" Jlie gl ! PP u_;‘ coals

g0 0,Lol 08,0 glrosss S ol adss Joee o
0 Sl ol piannsST )0 S de G 4 ax g 4
b ol cuas als o eas aslis Jelge 5l .cd 8
2 pegasy wab Gl £985 \YAV-A sla Lo
ul)lS.o.m 9 Nguyén | 09 )LQ) JJ‘j‘ 9 ULM-A) ).‘>|5‘
Glodsad b1y ol iS5 adlle 5 (YY)
L RIS 5o 8 (5 5 oyl il S o woges

! Local forcing functions
2 Qil and grease

\I\g


https://dor.isc.ac/dor/20.1001.1.10261354.1399.29.4.13.7
http://isfj.ir/article-1-2381-fa.html

[ Downloaded from isfj.ir on 2025-11-01 ]

[ DOR: 20.1001.1.10261354.1399.29.4.13.7 ]

APHA (American Public Health
Association), 2005. Standard method for
examination of water and wastewater.
American  public  health  association
publisher, 18thedition,
USA.1113P.

FAO/WHO, 2006. Committee on Food
Additives. Technical Report Series No.
776. Geneva.

CEQGs (Canadian Environmental Quality

Washington,

Guidelines), Canadian Council of
Ministers of the Environment, 2001.
Excerpt from Publication No. 1299; ISBN
1-896997-34-1.

Davies, J.M., 2006. Application and tests of
the Canadian water quality index for
assessing changes in water quality in lakes
and rivers of central North America lake
and reservoir management. Lake and
Reservoir Management, 22(4):308-320.
DOI: 10.1080/07438140609354365.

El-Iskandarani, M., Nasr, S., Okbah, M.,
Jensen, A., 2004. Principal components
analysis for quality assessment of the
Mediterranean coastal water of Egypt.
Modelling, Measurement and Control, C65
(40575): 69-83.

El-Jabi, N., Caissie, D. and Turkkan, N.,
2014. Water Quality Index Assessment
under Climate Change. Journal of Water
Resource and Protection, 6: 533-542. DOI:
10.4236/jwarp.2014.66052.

VOV

Jad b oadhic o 0 Conl b slo sl )l by s
Sl 8 Aal g sl o )50

&bw
ollivl VAL e e cbls> 4ybojle
Sl Gy bae Siglas lnl gloo] coas
i \f Sy ol s
- o, lulkes WWW.doe.ir/portal/file/?878240/

PAfol k- lel-cuis

e e GGl g oy IVAS g e (210
o5 53 (2lo By9n Sln o 2 5 o Olale
dawge ShLEl 35 by geir bkl o
(02 AT 9iST (GMeh pole Dlidiou

& U WS T «s9skw 001 Wl puai T Gglio
O med ddlllas AVAF Loy iCawplas g
20l WUy Sl QBsSs 5 Cgmy (s3ie Slse
sl eoSiaghy ol plale ool coxie
SECITE RS JU31)Y

wd (Ol Lz s9yw ool dlpai ol (Felo
syp YA O (guly 9 58 (PSS
Foois s Fdeels » aSt L adyl clads
ailhiom 3> Gl e dole o (SOl
SIVVY) VP ol os ede aloee o)LL S
AY-

B guoly cpd @M gt 0T 59yt 00l Al g
Slss g, YA L (oo g T (Falko
0j5> Slpl dolsw yo O gdie dlge oy yigis Slo
BY-FY () Y it Lugildl 35 clys st

il AYAY iz csayle ooy Allpws
dilats ;0 Jaizms Sy slooan VT 5 (535lsmg 0
duwge Shlzal (OYAY JL) 55 by oo
102 TTT 9i8 (G pole lidow

45 SPSS1T #l5 & oI5 ijpel NWAA c.y cs yuc
(0o TIF s jas (e 8 55 5


https://dor.isc.ac/dor/20.1001.1.10261354.1399.29.4.13.7
http://isfj.ir/article-1-2381-fa.html

[ Downloaded from isfj.ir on 2025-11-01 ]

[ DOR: 20.1001.1.10261354.1399.29.4.13.7 ]

ol 0l (el (658,18 5 wulss

u‘J‘SAA K CSJJL""‘ bd“}d‘)a.al

Eljaiek-Urzola, M., Romero-Sierra, N.,
Segrera-Cabarcas, L., Valdelamar-
Martinez, D. and Quifiones-Bolafios, E.,
2019. Oil and Grease as a Water Quality
Index Parameter for the Conservation of
Marine Biota. Journal Water, 11(856):
20pp. DOI: 10.3390/w11040856.

Gruber, N., 2008. The marine nitrogen cycle:
overview and challenges. In: Capone, D.G.,
Bronk, D.A., Mulholland, M.R., Carpenter,
EJ. (Eds.), Nitrogen in the Marine
Environment, second ed. San Diego, CA,
Academic Press, pp.1-50.

Jhingran, V.G., 1987. Introduction to
aquaculture, United Natons Development
Programme  Food and  Agriculture
Organization of the United Nations
Nigerian Institute for Oceanography and
Marine Research Progect RAF/82/009.

McPherson, C., Chapman, P., Vigers, G.
and Ong K.S., 1999. ASEAN Marine
Environmental Quality Criteria-Working
Group (AMEQC-WG), ASEAN-Canada
Cooperative  Programme on  Marine
Science-Phasell (CPMS-I). EVS
Environment  Consultants  Ltd. and
Department  of  Fisheries  Malaysia
Publisher. Canada, 373 P.

Michalak, A.M., 2016. Study role of climate
change in extreme threats to water quality.
Nature, 535:349-350. DOL:
0rg/10.1038/536396b.

Muthulakshmi, A.L., Usha Natesan,
Deepthi, K., Vincent A. Ferrer,
Venugopalan, V.P., Narasimhan, S.V.,
2013. Assessment of water quality through

indices around Kalpakkam, Southeast coast
of India. Archives of Environmental
Science, 7:23-32. ISSN: 2688-948X.

Nasrollahzadeh, H.S., Din, Z. B., Foong
S.Y., Makhlough, A., Vahedi, F., Varedi,
E., Unesipour, H. Nasrollahtabar, A.,
Olumi, Y., and Roohi, A., 2008.
Multivariate statistical analysis of water
chemistry and phytoplankton characteristics
in the southern Caspian Sea. International
Conference on Environmental Research and
Technology (ICERT).

Nasrollahzadeh Saravi H., Pourang N.,
Foong S.Y., Makhlough A., 2018.
Eutrophication and trophic status using
different indices: A study in the Iranian
coastal waters of the Caspian Sea. Iranian
Journal of Fisheries Sciences (In press).
DOI: 10.22092/ijfs.2018.117717.

Narayanan, RM., Sharmila, KJ. And
Ramalingam, M., 2015. Development of
integrated marine Water Quality Index — A
GIS approach. Ocean Research, 1(1):27-33.

Nguyen, N.T.T., Kim Loan, D. and Chu Hoi,
N., 2013. Development of Water Quality
Index for Coastal Zone and Application in
the H-Long Bay. Journal of Earth and
Environmental  Sciences, 29(4):43-52.
ISSN: 2577-0640

Panda, A. and Pattnayak, N., 2013. Coastal
Water Pollution Index (CWPI) —a tool for
assessing coastal water quality along the
North East Coast of India. International
Journal of Scientific and Engineering
Research, 4(6): 6p. ISSN: 2229-5518.

VOA


https://www.gavinpublishers.com/journals/journals_details/journal-of-earth-and-environmental-sciences-issn-2577-0640
https://www.gavinpublishers.com/journals/journals_details/journal-of-earth-and-environmental-sciences-issn-2577-0640
https://dor.isc.ac/dor/20.1001.1.10261354.1399.29.4.13.7
http://isfj.ir/article-1-2381-fa.html

Rubio-Cisneros, N.T., Herrera-Silveira, J., Trout Culture on Water Quality in Fish
Morales-Ojeda, S., Moreno-Baez, M., Ponds. Water, 10(9):1264, 14P. DOI:
Montero, J. and Pech-Céardenas, M., 10.3390/w10091264.

2018. Water quality of inlets’ water bodies Tanjung, R.H., Hamuna, R. and Alianto,

[ Downloaded from isfj.ir on 2025-11-01 ]

[ DOR: 20.1001.1.10261354.1399.29.4.13.7 ]

in a growing touristic barrier reef Island
““Isla Holbox’’ at the Yucatan Peninsula.
Regional Studies in Marine Science,
22:112-124. DOl:
10.1016/g.rsma.2018.06.006.

Sapozhnikov, V.N., Agativa, A.E., Arjanova,

N.V., Nalitova, E.A., Mardosova, N.V.,
Zobarowij, V.L. and Bandarikov, E.A.,
1988. Methods of hydrochemical
analysis of the major nutrients. VNIRO
publisher: Moscow, Russia.

Sharifian, M., 1990. Assessment of surface

water quality by an index system in Anzali
basin, Proceedings of the Beijing
Symposium, The Hydrolopcal Basis for
Water Resources Management, |AHS Publ.
no. 197, 163-171P.

Sidoruk, M. and Cymes, 1., 2018. Effect of

Water Management Technology Used in

V04

B., 2019. Assessment of water quality
and pollution index in coastal waters of
Mimika, Indonesia. Journal of Ecological
Engineering,  20(2), 87-94. DOl:
10.12911/229989 93/95266.

UNESCO. 2010. The Shades of Blue:

Upgrading Coastal Resources for the
Sustainable Development of the Caribbean
SIDS. Kingston, Jamaica.

Vishnupriya Sowjanya, I., Pavan B.V. and

Raja Sekhar, P.S., 2015. Assessment of
Coastal Water Quality through Weighted
Arithmetic Water Quality Index around
Visakhapatnam, Bay of Bengal, India.
International ~ Journal  of  Innovative
Research in Science. Engineering and
Technology, 4(12): 11775-11781.
DOI:10.15680/1JIRSET.2015.0412016.


https://doi.org/10.3390/w10091264
https://doi.org/10.3390/w10091264
https://dor.isc.ac/dor/20.1001.1.10261354.1399.29.4.13.7
http://isfj.ir/article-1-2381-fa.html

[ Downloaded from isfj.ir on 2025-11-01 ]

[ DOR: 20.1001.1.10261354.1399.29.4.13.7 ]

Iranian Scientific Fisheries Journal Vol.29, No.4

Computing and application of water quality index in coastal waters of the southern
Caspian Sea basin

Nasrollahzadeh Saravi, H.'", Makhlough, A.', Vahedi, F.3, M.}, Abedini, A%, Aghili, K.2,
Nasrollahtabar, A%,

*hnsaravi@gmail.com

1-Caspian Sea Ecology Research Center (CSERC), Iranian Fisheries Science Research Institute
(IFSRI), Agricultural Research, Education and Extension Organization (AREEO), Sari, Iran

2-National Inland Water Aquaculture Center, Caspian Sea Ecology Research Center (CSERC), Iranian
Fisheries Science Research Institute (IFSRI), Agricultural Research, Education and
Extension Organization (AREEO), Guilan, Iran

3- Inland Aquatic Reserves Research Center, Iranian Fisheries Science Research Institute (IFSRI),
Agricultural Research, Education and Extension Organization (AREEQO), Gorgan, Iran

Abstract

Water quality index is a tool that integrates data of effective factors on water quality. The final result
of the index provides simple understanding of water quality for general people. Regarding the
importance and application of water quality index in decision making of active and executive units in
conservation and exploitation, the present study was conducted for the first time in the southern of
Caspian Sea. The aims of paper are to determine: the environmental parameters which are important in
water quality, determining weight (w;) of parameters affecting water quality index and sub-indices (q;)
of each important parameters of Caspian Sea water quality index (WQIcs). This research will provide
the specific and necessary information and data for calculating the water quality index in this aquatic
ecosystem. The provided w; and g; were applied for water quality index calculating of the Caspian Sea
data in 2018-2019. Using Principal Component Analysis results on long-term data 2003-2019 years
(920 water samples), 9 important parameters (turbidity, chlorophyll-a, BODs, COD, pH, DO%, NOs,
NH,; and PO,) were determined for WQIcs and indicator weighting (w;) of each parameter was
determined. The sub-index (q;) of each parameter was calculated based on standards threshold, coastal
water quality requirements in marine ecosystems and reference value data of Caspian Sea. Finally, by
calculating the geometric mean, the value of water quality index in the Caspian coastal waters was
obtained. The application of this formula in 2018-2019 showed that 74 and 26% of WQIcs were in the
range of 70-91 (medium class) and 35-69 (bad class), respectively. Among the 9 parameters
mentioned above, nitrate and phosphorus (the factors of trophic enrichment) had the greatest effect on
decreasing water quality index.

Keywords: Water Quality Index, Weight of important parameters, Sub-index, Caspian Sea,
Iran
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